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TRANSLATOR’S PREFACE. 


‘Tur rapidly increasing recognition of the importance of Embryology 
in all morphological studies makes it desirable that the most valuable 
text-books upon the subject, in whatever language, be made available 
for those who are beginningits study, Although the English-reading 
student already has at command a number of text-books upon this 
subject, it is evident toany one familiar with Heatwro's Lehrbuch der 
Entoicklungegeschichts des Menschen und der Wirbelthiere that this 
work covers the field of Vertebrate Embryology in a more complete 
and satisfactory way than any book heretofore published in English. 

‘Two important objects to be accomplished in a text-book are: 
first, a clear and methodical exposition of the well-established facts 
of the science; and, secondly, such a presentation of unsettled 
questions ns shall stimulate the render to further inquiry and re- 
search. I believe it is far too common for the second of these aims 
to be overlooked. The present work fulfils both requirements in an 
eminent degree, and in its historical surveys exhibits an exceptional 
fairness of treatment, notwithstanding the author has been one of 
the foremost contestants in several of the fields reviewed. The 
summaries which follow the discussions of the several topics serve a 
useful purpose in directing attention to the more important conclu- 
sions drawn from each subject. 

T have aimed to give « clear and accurate reproduction of the 
author's ideas; while I have endeavored—not always successfully— 
to avoid awkward rendorings and German idioms, I have preferred 
to err on the side of a too literal rather than a too liberal translation. 
‘There are a few points that demand a brief explanation, The German 
word Anlage bas heretofore been variously rendered into English 
by rudiment, origin, beginning, basis, foundation, etc., while some 
writers, recognising the inadequacy of any of these words to express 
the ides, have incorporated the German word itself in their English. 

‘The Anlage of a structure is its beginning or its undifferentiated 
state—the object in a simple condition which is destined to be 
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followed by a more complicated one. The use of rudiment in this 
sense is undesirable, because, in the interest of scientific accuracy, it 
is important to restrict its meaning, as in German, to a structure 
which is not destined to become more complicated, but which may have 
been, either ontogenetically or phylogenetically, even more highly 
developed than it now is. Origin and beginning are abstract terms, 
whereas Andage is more frequently used in the concrete; basis and 
foundation (Grundlage) convey a wrong impression—that of the sub- 
stratum upon which the structure is erected. The need of a new 
word, which shall be used in tho sense of Anlage, is evident, I 
suggest the adoption of an already existing word,—/undament,—used 
at present only in a sense with which the proposed umge will not 
produce confusion. This word has boon uniformly employed in the 
present translation, and the reader will seo how readily and naturally 
it lends itself to this use. Fundament would thus bear the same 
relation to foundation that Anlage does to Grundlage, 

T have also departed from authorised usage by sometimes employ- 
ing for Bindegewebe and Stétzgewebe the term sustentative (in a 
mechanical sense) tissue, instead of connective tissue, My reason 
for this is the narrower meaning of connective as compared with 
sustentative. 

Tn deference to a custom still followed in Human Anatomy, the 
author, in deseribing the relative positions of parts, bas very generally 
used anterior and posterior for dorsal and ventral, etc. Instead of 
converting these expressions into terms which are independent of the 
temporary position of the organism, as I should have preferred, it 
has seemed better to indicate tho direction by a bracketed word in 
those cases where a misunderstanding was most likely to occur. It 
has of course not been necessary to repeat this after each term of 
direction, but only after the first one of a series, the reader's atten- 
tion being thus sufficiently directed to the matter to prevent any 

r ion. 

The rapid advances in Embryology make it impossible for a book 
two years old to be « faithful reflection of the science of to-day in all 
its branches; there are some topics in which even radical changes 
soust be recognised. I have thought best, however, to reproduce the 
book as it left the hands of its author, and to content myself with 
calling the reader's attention to some of the topics in which the most, 
important advances have been made, such as the metamerism of the 
head, and the plan and motamorphoses of the vessels of the visceral 
arches, 
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I am under very great obligations to my colleague, Dr. C. B. 
Davenport, for kind assistance and valuable criticism, but for which 
many defects of the translation would have been overlooked. I am 
also indebted to Drs. T. G. Lee, H. B. Ward, and W. MoM. Wood- 
worth for aid in reading portions of the proof. ~ 

Bg. L MARL. 

CamBaiper, Mass. 


AUTHOR'S PREFACE 
TO THE FIRST EDITION. 


4 Die Entwickelungsgeschichte ist der wahre Lichttriger fiir Untersuchungen 
liber organische Kirper.”—C. E. v Bazn, “Ueber Entwickelungageschichte 
der Thiere ” (Bd. I, 8. 231). 


Tur Embryology of Animals, although one of the youngest shoots 
of morphological research, has, nevertheless, grown up in the course 
of sixty years, along with the cell-doctrine and that of the tissues, to 
@ vigorous and stately tree. The comprehension of the structure of 
organisms has been extended in a high degree by numerous develop- 
mental investigations. The study of the human body has also derived 
great advantage from the same. In the newer anatomical text- 
books (GEcEzNBAUR, ScHwALBE) Embryology is receiving more and 
more attention in the description of the separate systems of organs. 
To what extent many things may be more clearly and attractively 
described in this manner is best shown by a comparison of the des- 
criptions of brain, eye, heart, etc., in the older and the more recent 
anatomical text-books. 

Although it is generally recognised that Embryology constitutes “a 
foundation-stone of our comprehension of organic forms,” neverthe- 
less the attention which its importance warrants is not yet given to 
it; it is especially true that it has not become as extensively as it 
should be a component of well-rounded medical and natural-history 
instruction, to which it is indispensable. The cause of this is 
perhaps in part to be sought in the fact that in student-circles the 
study of Embryology is often held to be especially difficult and a 
comprehension of it to be laborious. And thus many do not venture 
into this apparently obscure realm. 

But ought the development of an organism to be really more 
difficult to comprehend than the complicated finished structure ? 

To a certain extent this was the case at a time when the most 
divergent and contradictory opinions prevailed concerning many of 
the most important processes of development, such as the formation 
of the germ-layers, the protovertebre, etc., which the lecturer had to 
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take into account, and when many processes were not yet understood 
in their essence and their significance. But, thanks to the results of 
Comparative Embryology, the number of the unintelligible processes 
has been every year diminished, and in the same ratio the study of 
Embryology even for the beginner has been rendered easier, 

At least, it is not in any way an essential feature of the process 
of development that it should be more difficult to understand than 
the structure of the completed form. For every development begins 
with a very simple condition, from which the more complicated ix 
gradually derived and by which it is explained. 

Tnasmuch as I have for twelve years pursued the study of Embry- 
ology with especial interest, both in annually recurring academic 
lectures and in a series of scientific investigations, the desire has 
been awakened in me to acquire for Embryology a broader and more 
secure foundation in education, and to procure for it admission into 
largor circles of medical men and well-educated naturalists. As the 
result of this there has come into existence the book which is before 
us, in which the especial problem has been to make the complicated 
strneture of the human body mote intelligible through the knowledg» 
of its development, 

For the solution of this problem I have in the present text-book 
placed the comparative method of investigation in the foreground. I 
lo not thereby find myself in any way in opposition to another 
direction of embryological research, which places the objective point 
in the physiological or mechanical explanation of the form of the 
animal body. Such a direction I hold to be fully warranted, and I 
bolieve that, instead of being opposed to a comparative-morphological 
direction, it can be of the most permanent value to it in the solution 
of ite problems. One will find that I have here given full attention 
to the mechanico-physiological explanation of forms, Compare the 
sections on cell-division and Chapter IV., “General Discussion of the 
Principles of Development," in which the laws of unlike growth and 
the processes of the formation of folds and evaginations are treated. 

Th the presentation of the separate processes of development, in 
the main the important things only have been selected, the sub- 
sidiary loft out, in order thus to make the introduction into 
‘embryological study easier. In the case of fundamental theories 
1 have gone into their history extensively, because it is of great 
interest, and under certain circumstances operates as a stimulus, 
for one to see in what way the state of a scientific question for the 
timo being has been attained. In pending controversial questions 
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I have, it is true, employed chiefly as the foundation of my pre 
sentation the views which appear to me the most entitled to 
acceptance, but have not left unmentioned opposing conceptions. 

Numerous figures in the text, as well as some colored plates, will 
contribute materially to the easier comprehension of the various 
developmental processes. 

I submit, then, this text-book to physicians and to students of 
medicine and the natural sciences, with the desire that it may 
promote and facilitate the study of Embryology in wider circles, and 
that it may thereby contribute to a deeper insight into the structure 
of our own bodies, 


OscAR HEBRTWIG. 
JENA, October 1886, 


AUTHOR’S PREFACE 
TO THE SECOND EDITION, 


‘Tux friendly reception which the “'Toxt-book of the Embryology 
of Man and Mammals" has found, is an indication of. the increased 
interest which this branch of Morphology now moets with. 

Even more than a year ago, after the first part of the text-book 
appeared and while tho second part was in the press, the necessity of 
preparing a second edition became evident. 

In this edition fundamental changes have not been undertaken ; 
the text has, however, undergone an expansion in some places, owing 
to the attention given to several works which have recently appeared. 
‘This has been the case with the section on the first developmental 
processes of the egg (WeIsuass, Biocumann); that on the origin of 
the vascular system (Rast, R0ckert); that on the development of 
the fatal membranes (Duvat, Oxssonx); and that on the human 
placenta (Kasracuexxo, Watprver, Rvce). 

As the second part of the text-book has just appeared, it has been 
possible to incorporate it in the second edition without alteration. 

It has, furthermore, seemed to me expedient in the second edition 
to distribute at the ends of the several chapters the eynopses of the 
literature, which in the first edition were brought together at the close 
of the whole work. Finally, there has been added an index of 
subjects, by which a more rapid orientation concerning the separate 
topics will be facilitated ; this will increase the usefulness of the 
work, 

May the book in this form make for itself now friends, not only 
among students of medicine and the natural sciences, but also with 
all those who have a fondness for and » comprehension of studies 
in natural science, 

OsCal BHERTWIG. 
Jena, Pobruary 1888, 





AUTHOR'S PREFACE 
10 THE THIRD EDITION. 


Ix the two years which have elapsed since the appearance of the 
second edlition of this text-book, our knowledge of the embryology of 
Vertebrates has experienced many important enrichments, thanks to 
the numerous investigations which are annually published. There- 
fore, as tho problem of preparing a third edition of the text-book 
confronted me, I was compelled to make extensive changes in 
many places, Thus the second and third chapters, concerning the 
processes of fertilisation and cleavage of the ogg, have undergone 
expansion, owing to the presentation of the important discoveries 
which have beon made on the the egg of Ascaris megalocephala. 1 
have given an entirely new wording to the ninth chapter on the 
development of connective substance and blood, also to the 
sections on the origin of the urinary organs and the development of 
tho peripheral nervous system, and, finally, to the account of the 
development of the heart and the venous system, Also at other 
places one will often recognise the hand of improvement. 

‘Tho third edition hax boon essontially improved by the addition of 
thirty new figures, which I have taken from the investigations of 
vas Bexepes, Bovent, Dovat, Furuumo, Heamans, His, Bors, 
Gxoxxnaun, Naces, vax Wune, Guar Sree, Boxyer, and Keren. 
‘Through the friendliness of Profesor vax Besepes I was also put 
in » gosition to employ for my text-book three figures out of his 
hitherto unpublished extensive work on the development of tho 
germinal lnyers of the Rabbit. By means of the increase in the 
number of figures I hope that I have been able to render still casior 
the comprehension of many of the processes of development. 

And 50 I close the preface to the third edition by expressing 
my thanks to all those who have rendered mo friendly aid, and 
especially to tho publisher, who in the further equipment of the 
text-book has wet my wishes with the greatest willingness. 

OSCAR HERTWIG, 
Benurix, Merck 1890, 
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INTRODUCTION, 


‘Tue history of the development of the individual, or Ontogeny 
(Embryology), is the science of the growth of an organism ; it de- 
scribes the morphological changes whieh an organism passes through 
from its origin in the ovom up to its complete maturity, and presents 
these in their natural connection. We can regard the fertilisation 
of the egg-cell as the beginning of the process of development for 
Vertebrates, as it also is for all the rest of the higher animals. 

Th giving an account of the changes of the egg-cell, which begin 
with fertilisation, one may choose between two different methods, 

According to one method a particular organism is made the basis 
of the account, and one describes the changes which its germ under- 
goes from the moment of fertiliention onward, from hour to hour, 
and from day to day. It is in this way that the embryology of the 
Chick has been worked out by C. E. vox Baxn in his classical paper, 
and by Fosren ann Batrour in their “ Elements of Embryology.” 
‘This method has the advantage that the reader acquires a view of 
the total condition of an organism in the separate stages of its 
development. 

A book of that kind is especially suitable for such persons as 
desire to acquaint themselves, by their own observation, with the 
embryology of a single animal, as, for example, the Chick, by 
repeating the investigations of others. It is, on the contrary, less 
adapted to those who wish to acquire a connected view of the 
development of the separate organs, as the eye, the heart, the brain, 
ete. For the formation of these will of course be treated of at different 
places in describing younger and older embryos. In order to procure 
@ general survey of the course of development of an organ, the 
reader must consult various places in the text-book, and collect for 
himself what relates to the subject. 

For beginners, and for the needs of theoretical instruction ir 
Embryology, the second method commends itself, in which the separate 
organs are considered in succession, each for itself, and the changes 
which @ single organ hus to pass through during development are 
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set forth connectedly from beginning to end. It is in this way that 
Kotxer’s “ Embryology of Man and the Higher Animals” is written. 

‘The second method is, moreover, the only one applicable when the 
problem is to investigate in a comparative way the development of 
eeveral organisms, and to fill up the gaps which exist in oar know- 
ledge of one by that which we know concerning nearly related 
animals. But it is precisely in this position that wo find ourselves 
when we wish to acquire a survey of the development of the humar 
body. An account which should limit itself to that which we know 
about Man would exhibit numerous and extensive gaps. For up to 
the present the eye of man has not seen how the human ovum is 
fertilised, how it divides, how the germ-layers are formed, or how 

* the establishment of the most important organs is effected. It is 
especially the period of the first three weeks, during which the 
greatest variety of fundamental processes of development take place, 
concerning which we know next to nothing; there is also little 
prospect that a change will soon occur in this regard. The time 
will therefore perhaps never come when a complete embryology of 
Man in the strict sense of the word will be possible, 

However, the existing gaps can be filled out in another manner, 
and one which is entirely satisfactory. The study of the most widely 
differing Vertebrates teaches us that they are developed according 
to common plan, that the first processes of development agree 
in all really important points, and that the differences which we 
encounter here and there are produced by causes of a subordi- 
nate kind, as, ¢g., by the egg’s possessing a greater or less amount 
of yolk. 

When we see that the establishment of the central nervous system, 
of the eye, of the spinal column, of the viscera, etc., takes place in 
Mammals on the whole just as it does in Amphibia, Birds, and 
Reptiles, the conclusion is near at hand, and justified, that Man 
also in his development is no exer pt'on to this general phenomenon. 
‘Thus in the study of Embryology we are naturally led to the com- 
parative method. What, owing to the nature of the difficulties, we 
cannot learn directly about the development of Man, we seek to 
deduce by the investigation of other Vertebrates. 

In earlier decennia the Hen’s egg was the favorite object, and it 
is upon this that we possess the most numerous and most complete 
series of observations. During the last twenty years research has 
also been directed to Mammals,—in the investigation of which tho 
greatest ditticulties have to be surmounted,—as well as to Reptiles, 
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Amphibia, Fishes, ete. Only through the observation of such various 
objects has insight been acquired into many processes, which in their 
essence remained unintelligible to us from the study of the Chick 
alone, For it was thus that one first learned to distinguish the 
important fron the accessory and unimportant, and to understand 
the laws of development in their generality, 

Tn this text-book, therefore, I shall not confine myself to a single 
object, such as the egg of the Hen or the Rabbit, but from more 
general comparative standpoints shall endeavour to present what, 
through extensive series of investigations, we have thus far recognised 
as tho rule in regard to the real nature of the processes of fertilisa~ 
tion and cleavage, the formation of the germ layers, ete. 

However, letno one expect a text-book of comparative Embryo- 
logy. ‘The purpose and the problem is first of all to learn to com- 
prebend the development and the structure of the human body. 
‘What we know about that has been placed before everything else, 
nnd the embryolegy of the remaining Vertebrates has been cited, and, 
as it were, fully utilised, only in so far as was necessary for the 

indicated. 


Tn tho division of the embryological material proposed by us, ac- 
“econling to the separate systems of organs, there is n long series of 
processes, with which the development begins, which do not permit 
of an arrangement, because at tho beginning the fundaments of 
definite, afterwards differentiated organs, are not recognisable in the 
germ. Before there is any formation of organs, the egg is divided 
nto numerous cells, and these thon arrange themselves into a few 
Jarger complexes, which have beon called the gorm-layers, or the 
primitive organs of the embryo, Furthor, in tho higher Vorte- 
brates there are formed certain organs, which are useful only during 
embryonic life, and are subsequently lost—namely, tho fetal mem- 
branes and foetal appendages. All of the processes of that nature 
we shall treat of connectedly, and by themselves, In accordance 
with this, we can divide owr theme into tico main sections, the first 
of which vill deal with the initial processes of development and the 
embryonic membranes, the second with the origin of the separate 
systems of organs. Tn order to facilitate for the advanced a more 
thorough study, ands penetration into embryological literature, a 
‘ahi! the more important original works is given at the close of 
the chapters, On the other hand, text-books of Embryo- 


separate 
may be mentioned in this place. [Compare also the larger 
works cited at the end of the book.] 
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PART FIRST. 


CHAPTER I. 
DESCRIPTION OF THE SEXUAL PRODUCTS. 


Eec-crtt snp SrMen-cent. 


Tx most animals, and without exception in all Vertebrates, the 
development of a new being can take place only when reproductive 
elements, produced by two sexually different individuals,—the egg 
by the female, and the seminal corpuscle or seminal filament by the 


male,—are at the proper time brought into union as the result of 
the procrentive act. 

The egg and the seminal filament are aimple elementary parte or celle, 
which are produced in special glandular organs, the egg-cells in the 
ovary of the female, and the semen-cells in the testis of the male, 
After the beginning of sexual maturity at definite periods, they 
detach themselves within the sexual organs from their union with 
the remaining cells of the body, and form, under suitable conditions 
‘of development, among which the union of the two sexual cells ix 
the most important, the starting-point for « new organism. 

First of all, therefore, we have to acquaint ourselves with the 
peculiarities of the two kinds of sexual products. 


1, The Egg-cell. 

‘The egs ix by far the largest cell of the animal body. At a time 
when nothing was known of its cell-nature, its separate components 
were given special names, which remain in use even at the present. 
time. ‘The contents were called egy-yolk, or vitellua; the cell-nucleus 
was called wesicula germinatins, or germinative vesicle, discovered by 
the physiologist Porxise ; the nuclear corpuscles, or nucleoli, were 
galled yerminative spots, or macula germinatice (Waayen); and, 
Gnally, the cell-membrane was called the yolk-membrane, or mem- 
brane vitellina. All these parts vary in not unimportant ways from 
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the ordinary condition of the protoplasm and nucleas of most anima} 
cells, 

‘The vitellus (figs. 1 and 3 n.d) rarely appears homogeneous, mueila- 
ginovs, and translucent, like the protoplasm of most cells; it is 
ordinarily opaque and coarsely granular, This results from the 
fact that the egg-cell, during its development in the ovary, stores 
up in itself nutritive materials, or reserve etujfe. Those consist of 
fat, of albuminows substances, and of mixtures of the two, and 
are described, according to their form, as larger and smaller yolk- 
spherules, yolk-plates, etc. Later, when the process of development 
is in progress, they are gradually used up in the growth and for 
the increase of the embryonic cells, The fundamental substance 

of the egy, in which the reserve stuffs 
just now referred to are imbedded, is 
protoplasm, physiologically the most in- 
teresting and important of substances, 
because in it take place, as we infer 
from many phenomena, the essential 
life-processes, 

We must therefore distinguish in 
the yolk, in accordance with the sug- 
gestion of vax Beyepen, (1) the egg- 
protoplasm, and (2) the yolk-substance, 


minative vesicle showsagerminative OT deutoplasm, which is of a chemi- 
dot or wuclenlun ins wiwotk of cally different nature, and is stored 


Mlaments, the ntichear wetwork, 
up in the former. , 


When the deposition of reserve materials takes place to a great 
degree, the really essential substance, the egg-protoplasm, may 
become almost entirely obscured by it (figs. 3, 4). ‘The protoplasm 
then fills up the small interstices between the closely packed yolk- 
globules, yolk-enkes, or lamellae, as mortar does those between the 
stones in masonry, and appears in scctio 
work, in the smaller and langer meshes: of 

y present 


le of the egg. 


and its 


» firm membrane, 
which surrounds deomponents: nuclear liguid (Kern- 
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walt), nuclear network, and nucleoli. The nuclear liquid is more 
fluid thon the yolk, in the fresh condition usually as clear as water, 
and when congulated by the addition of reagents, absorba only 
a little or no coloring matter. It is traversed by a network 
of delicate filaments (inv), which attach themselves to the nuclear 
membrane, In this network are enclosed nucleoli, or germinative 
spots (&/), small, for the most part spherical, homogeneous, lustrous 
structures, which consist of a substance akin to protoplasm—anuclear 
substance or nuclein. Nuelein is distinguishable from protoplaszn— 
in addition to certain other chemical oceans oe by the 
fact that it absorbs with great 

avidity pigments such as care 

tind, hematoxylin, aniline, 

‘ete,, on account of which it has 

also reesived from Fuesauxa 

the name chromatin, 

The number of the nucleoli 
in the germinative vesicles of 
different unimals is highly 
variable, but it is tolerably 
constant for each species; 
sometimes there is only a 
single nucleolus present", Sat'small and imate Tene. fey 
(fig. 1), sometimes there are — snmerour mostly peripheral porminative spor 
severa] or even very many of {72 2. fas auctenr network (i). m, Nux 
them (fig. 24/). Accordingly © 
‘one may with Aveneacn distinguish uninucleolar, plurinucleolar, 
and multinueleolar germinative vesicles. 

At their surfaces eggs are surrounded by protective envelopes, the 
number and condition of which are exceedingly variable throughout 
the animal kingdom us well us among Vertebrates. It is best to 
divide them, as Lupwia has done, according to their method of 
origin, into two groups, into the primary and the secondary egy- 
membranes. Primary egg-membranes are such as bave been pro- 
duced either by the egg itself or by the follicular cells within the ovary 
and the egg-follicle. Those produced by the yolk of the egg are 
called vitelline membrane; those formed by the follicular opithelium, 
chorion. All which take their origin outside of the ovary, as a 
‘fesult of secretions on the part of the wall of the oviduet, are to be 


| designated as secondary egg-membranes. 
“In their details the eggs of the various speeics of animals diffor 
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from each other in a high degree, so that they must really be con- 
sidered as the most characteristic for the species of all the kinds 
of animal cells. Their size, which is due to a greater or less ac- 
cumulation of deutoplasm, varies so extensively that in some species 
the egg-cells can be only barely recognised as minute dots, whereas 
in others they attain the considerable dimensions of a Hen’s egg, or 
even of an Ostrich’s egg. The form is usually globular, more rarely 
oval or cylindrical. Other variations arise from the method in 
which protoplrsm and deutoplasm are constituted and distributed 
within the limits of the egg; there are in addition the differences of 
the finer structure of the germinative vesicle and the great variability 
of the egg-membranes, 

Some of these conditions are of great significance from their in- 
fluence on the manner of subsequent development. They have been 
employed as a basis for a classification of the various kinds of eggs. 

It is most expedient to divide eggs into two chief groups,—into 
simple and into compound eggs,—the first of which is divisible into 
several sub-groups. 

A. Simple Eggs. 

Simple eggs are such as are developed in an ovary out of a single 
germinal cell. The eggs of all the Vertebrates and most of the 
Invertebrates belong to this group. 

In this chief group there occur, according to the manner in which 
protoplasm and deutoplasm are distributed within the egg, three 
‘modifications, which are of very great importance in the determination 
of the first processes of development, 

In the simplest case the dewoplasm, which ordinarily is present 
only to a limited amount in the correspondingly small egg, is more 
or lees uniformly distributed in the protoplasm (fig. 1). In other 
cases there has arisen out of this original condition, in conjunction 
with an increase in the bulk of the yolk-material, an inequality in 
the distribution of the two egg-substances previously distinguished. 
The egg-plasma has accumulated in greater abwndance at certain 
regions of the egg-territory, and the deutoplasma at other regions. 
Consequently, a contrast has arisen between portions of the egg-cell 
which are richer, and those which are poorer, in protoplasm. A 
further accentuation of this contrast exercises an extraordinarily 
brond and profound influence on the first processes of development, 
which take place in the egg after fertilisation. That is to say, 
the changes, which further on are embraced under the process of 
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cleavage, make their appearance only at the region of the egg 
which is richer in protoplasm, whereas the region which is more 
voluminous and richer in deutoplasm remains apparently quite 
unaltered, and is not divided up into cella, By this means the 
contrast, which was already present in the unsegmented egg, 
becomes during development disproportionately greater and more 
obvious, ‘The one part undergoes changes, is divided into cells, and 
‘cout of these produces the individual organs; the other part remains 
more or less unalteredy and is gradually employed as nutritive 
material, Following the example of Reicneat, the part of the 
yolk which is richer in protoplasm, and to which the developmen- 
tal processes remain confined, 
has been designated formative 
yolk, and the other nutritive 
yolk. 

The unequal distribution of 
formative yolk (witellus forma- 
tiews) and of nutritive yolk 
(vitellus nutritivus) within the 
egg is accomplished in two dif- 
ferent ways, 

In the one case (fig. 3) the 
formative yolk is accumulated 
at one pole of the egg as a flat 
germedive (k.vch). Tuasmuch as = oe Porc pore phasis 
its specific gravity is less than ——germtieo (teh), in which the germinative 
thiat of the nutritive yolk (md) aisle 1) & endo. The autotive le 
collected at the opposite pole, it vegetative pole (Mm 
is always directed upward, and 
it mpreads itself out on the yolk just like a drop of oil m water. In 
this case, therefore, the egg has undergone a polar differentiation + 
when at rest it must always ussume a definite position, owing to the 
ninequal weight of the two poles. The dissimilar poles are distin- 
guished: the upper, lighter pole, with the germedise, as the animal 
(AP); the under, heavier and richer in yolk, ax the vegetative pole 
{V.P}, The polar differentiation of eggs is often encountered in 
Vertebrates, and ix especially prominent in the classes of Bony 
Fishes, Reptiles, and Binds. 

In the second case (fig. 4) the formative yolk (b.d) is accwnulated 
over the whole surface of the egg, and surrounds the centrally placed 
nutritive yolk (nd) as a uniformly thick, finely granular cortica) 
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layer. The egg oxhibits central differentiation, and therefore doos 
‘not assume a constant position when at rest. As in the former case 
the yolk was polar in position, so here it is central, Such a condition 
is never encountered in Verte- 
brates, but it is characteristic of 


Th order to distinguish the three 
modifications, Banrour has made 
use of the expressions alecithal, 
telolecithal,andcentrolecithal, He 
calls those oggs alecithal in which 
the doutoplasm, in small amount, 

S is uniformly distributed through 

A -Slaganat haloge cell Oe aake) the protoplasm ; telolecithal, those 

yolk in the centre, ‘The germinative in which it is accumulated at the 

the middle of tbe vegetative pole ; centrolecithal, 

im a mantle of formative yolk (40). those in which the accumulation of 

deutoplasm has taken place at the 

centre, In what follows, we shall speak of (1) eggs with uniformly 

distrituted yolk, (2) egge with polar deutoplasm, and (3) eggs with 
central deutoplasm. 

Tt is now expedient to illustrate what bas just boon anid by typi 1 

examples, and for this purpose the eggs of Mammals, Amphibin, 


Birds, and Arthropods have beon selected. We shall also frequently 
a in the presentation of the subsequent phases of develop- 


reed ig earn eal oh Wek cosssdingty wna ins ss 
sures on the average only 0-2 mm, in diameter. It is for this reason 
that it was not discovered until the present century—in 1827, by Cant 
Euyst yor Basen. Proviously the much larger Gnaartax follicle 
of the ovary, in which the smaller true egg is enclosed, hud been 
erroneously taken for the latter. ‘The Mammalian ogg (fig. 5) con- 
sists principally of a finely granular protoplasmic substance, which 
contains dark, fat-like sphorules al n 
which is turbid and opaque in 
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is K-Ser Nem 6 Dalits fds wish ‘ns fm, be Mier, ater Witzerms the 

‘survoanidu by the mona pettacida (z'), om which there rest at one piace follicntar oelle (fe). 

‘The yolk contains deutoplasmic granules (4). In the germinative vestele (24) the nuchewr 
wotwork (én) is expecially marked, and contains a large germinative dot (&,/), 


(ep) appears radially striate, since it is traversed by numerous pore- 
canals, into which, as long as the egg remains in the Gnaarrax follicle, 
very fine projections of the follicular colls (fz) penetrate. These 
fuse with the egg-plasm, and are probably concerned in the nutrition 
and growth of the contents of the egg. (Rerzivs.) 

The Auman ovum is wonderfully like the egg of Mammals in size, 
in the condition of its contents, and the nature of its membranes. 
Howover, it always can be distinguished by means of special, though 
trifling, characteristics, as the careful investigations of Nace. have 
shown. Whereas in the Rabbit lustrous, fat-like spherules render 
the yolk cloudy, the human ovum retains its transparency during 
all stages of development, so that one may recognise most ac- 
curntely all its structural details, even on the living object. The 
yolk is divided into two layers, The inner layer contains principally 
-deutoplasm, which produces in this case, contrary to most of the 
Mammals, only a slight cloudiness; it consists in part of feebly 
Tuktrous, in part of highly refractive fragments, some coarser, some 
finer; but it i not possible to recognise the mutual boundaries of 
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the individual components, as ix the cuse in other Mammals ant 
lower animals, where one distinguishes with great ease granules 
and distinct drops, The outer layer or peripheral zone of the yolk is 
more finely granular and still more transparent than the central 
part, and contains the germinative vesicle with a large germinative 
dot, in which Nacet was able to observe ameboid motions, ‘The 
zona pellucida is remarkably broad ; it is striate, and is separnted 
from the yolk by a narrow (perivitelline) space, There are two or 
three layers of follicular cells attached to the periphery of the egg 
when it is set free from the Gmaarian follicle. The long diameters 
of these cells are arranged in a radial direction around the egy, as 
is general in Mammals, and it is due to this circumstance that they 
have received the name corona radiata, introduced by Brscnorr, 
The human egg without the follicular epithelium measures, on the 
average, 0-17 mm, in diameter. 

‘The egys of many Worms, Molluscs, Echinoderms, and Ceelenterates 
agree with the Mammalian egg in their size, and in the method in 
which protoplasm and deutoplasm are uniformly distributed through 
the egg. 

‘The eggs of Amphibia, which wore cited as the second example, 
form a transition from simple eggs, with uniform distribution of 
yolk-material, to eggs with distinctly expressed and externally 
recognisable polar differentiation. Already these have deposited in 
thomeelves « largeamount of deutoplasm, and have thereby acquired 

a very considerable size. The Frog's egg, for example, is stuffed 
full of closely compacted, fatty-looking yolk-lumps (Dotterschollen} 
and yolk-plates. The egg protoplasm is in part distributed as n 
network between the little yolk-plates; in part it forms a thin 
cortical layer at the surface of the egg, Upon closer examination 
however, the beginning of a polar differentiation is most distinctly 

ble even here. It manifests itself in this way: at one 

pole, which at the same time appears black on account of a deposit 

of superficial pigment, the yolk-plates are smaller and enveloped in 

more abundant egg-plasm ; and also, vrobably as & consequence of 

this, slight differences in. specifie gravity are distinguishable between 

the pigmented and the unpigmented, or the animal and the vegetative, 
halves of the egg. 

‘The germinative vesicle (fig. 2) lies in the middle of the immature 
ogg, is exceadingly lange, even visible to the naked eye, and multi- 
nucleolar, inasmuch as there are a hundred or more large germinative 
dots (4f) distributed immediatele under tho nuclear membrane, 
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‘The envelopes exhibit, in comparison with the Mammalian ogg, an 
increase in number, for to the zona pellucida (zona radiata), which 
is produced in the follicle, there is subsequently added still another, 
a secondary envelope. This is o thick, viscid, gelatinous layer, 
which is socreted by the wall of the oviduct, and which becomes 
swollon in water. 

The polar differentiation, taken, as it wero, in the very process 
of developing in the case of the Amphibia, is found sharply expressed 
in our third example, the Bird's egg. 

Tn order to form a correct picture of the condition of the egg-cell 
fn the case of the Hen, or of any 
other bird, we must seek it while 
still in the ovary, at the moment 
when it has finished its growth, 
and is ready to be sot free from the 
follicle. It is then ascertained that 
only the spheroidal yolk, tho s- 
called yellow of the egg, which in 
itself is an enormously large cell = 
(Gx. 6s),isdoveloped in the botryoidal Tig te—Bereelt crt of the ea 
ovary. Itisenclosed in a thin but tive dise; £6, germinative rosicle; 
tolerably firm pellicle (d.A), the Jf Slits oles wh relow yolk 
vitelline membrane, the rupture of 
which is followed by an extrusion of the soft pulpy contents. By 
careful examination one will discover upon the latter a small white 
xpot, the germinative disc (k-sch), or discus proligerus, also called soar 
or cicatrieula. Tb has « diameter of about 3 or 4 mm., and consists 
‘of formative yolk,—a finely granular protoplasm with small yolk- 
spherales,—which alone is involved in the process of cleavage, In 
the flattened: germinative dise is also found the germinative vesiclo, 
fig. 6a (k.b) and fig. 6b (x), which is likewise somewhat flattened and 
Tenticular, 


‘The remaining chief mass of the egg-cell is nutritive yolk, which 
is composed of numberless yolk-spherulos united by slight traces of 
egg-plasm, as though by a cement. Information concerning its finer 
strocture is to be gained from thin sections through the hardened 
egg, which should be cut perpendicularly to the germinative dise. 
Accoriling to differences in staining and in olementary composition, 
there are now to bo distinguished the white and the yellow nutritive 
yolk (6g. Ga). 

The white yolk (wd) is prosent in the egg coll only in a smal) 





quantity ; it forms a thin layer over the whole surface, the white 
yolk-rind ; secondly, it is accumulated in somewhat greater quantity 
under the germinative vesicle, for which it at the same time forms a 
A EE nucleus) ; and, thirdly, read hiareces 


2 eto edi mtn rin oi encloved in the capsule, 
«cman ttt a: etn fy nt wih ie 


vesicle 
tciginally crupld by the gerntive vee, but mae ety by Ie shrveling 


‘penetrates in the form of a mortar-pestle into the very centre of the 
yellow yolk, where it terminates in a knob-like swelling (latebra, 
Ponxixse). Upon boiling the egg, it is less congulated, and remains 
softer than the yellow yolk. In the coagulated condition the latter 
discloses upon sections a lamellated condition, in that it consista of 
smaller and larger spherical shells, which envelope the /atebre. 

The two kinds of yolk also differ from each other in respect to 
the condition of their elementary particles The yellow yolk 
consists of soft plastic spherules (fig. 7.4) from 25 to 100 in 
diameter, which acquire a punctate appearance from the presence 
of numerous exceedingly minute granules, The elements of the 
white yolk are for the most part smaller (fig. 7 n), and likewise 
spherical, but contain one or several large highly refractive granules, 


a ® . 
222 @ @ 
“@ 
Fig. 7.—Yoll-slements from the Few!'s ogg, after BALsqm, 4 Yellow golk; m, white yolk, 


At the boundary between the two kinds of yolk there are prusent 
spherules which effect a transition between them, 

The freshly laid Hen’s egg (fig. 8) has a different appearance 
from that of such an ovarian egg. This results from the fact chat 
there is deposited around the yolk, when it detaches itself from 
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the ovary and is taken up by the oviduct, several secondary en- 
velopes derived from the wall of the oviduct, viz. the white of the 
egg, or the albumen, the shell-membrane, and the calcareous shell. 
Each of these parts is formed ina special region of the Hen's oviduct, 
The latter is divided into four regions: (1) A narrow ciliated 
initial part, into which the liberated egg is reocived, and where it 
is fertilised by the spermatozoa already accumulated there; (2) a 


Be. 


‘Tig. &.—Diagrammatic longitudinal sevtion of an unincubated Men's egg, after Atiny Tuowson 
(Qocoewhat alvered.) 


it, Germ-dine ; wy. white yolk, which consis of a central thask-slinpet tus and a number of 
comeettric Mayers surrounding the yollow yolk (p.y); 9.€ vitelline metobrane ; £ somewhat 
ftuid albuiminous layer, which Inmediatety envelopes the yol albumen eouposed of 
siteruatiog layers of wore woul bow Halt portions; e&/. chalnwe; «oh. ale chamber at the 
Dhan wok of the eee—aimaply a vysow between Tagore of the sbell-menitirana ; ‘464 
lamer, Ka. outer layer of the sloll-aetubrane 


glandular region, covered with Jongitudinal furrows, from which 
the albamien is secreted and spread around the yolk ina thick layer ; 
(3) @ somewhat enlarged part, covered with small villi, the cells 
‘of which secrete caleareous sults, and thus cause the formation of 
the shell; (4) s short narrower region, through which the egg 
passes rapidly, and without undergoing any furthor change, when 
‘being deposited, 

The envelopes furnishid in succession by the oviduct have the 
following composition :— 

The white of the egg, or albumen (tw), 1s a mixture of several 
materials; according to chemical analyses, it contains 12% albumen, 


2 
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15% fat and other extractive materials, (5); salts (potassic chloride, 
todic chloride, sulphates, and phosphates), and 86% water, It 
surrounds the yolk in several layers of varying consistency. There 
is m layer quite closely investing the latter, which is firmer and 
especially noteworthy because it is prolonged into two peculiar 
spirally twisted cords, the chaleza (ch/), which consist of a very 
compact albuminous substance, and which make their way through 
the albumen to the blunt and to the pointed poles of the egg 

‘The albumen is enclosed by the thin but firm shell-membrane (sm) 
(membrana teste), which is composed of felted fibres, It may be 
separated into two lamelle—an outer, which is thicker and firmer, 
and an inner, which is thinner and smooth. Soon after the egg is 
laid the two layers separate from each other at the blunt pole, and 
enclose between them a space filled with air (a.ch),—the so-called 
airchamber, which continues to increase in size during incubation, 
wnd is of importance for the respiration of the developing Chick, 

Finally, the shell, or testa (s), is in elose contact with the shell- 
membrane ; it consists of an organic matrix (2%), in which 98% cal- 
careous salts are deposited. It is porous, being traversed by small 
canals, through which the atmospheric air may gain entrance to the 
egg. The porosity of the calcareous shell is an absolute necessity for 
the normal development of the egg, since the vital processes in the 
protoplasm can take place only when there is a constant supply of 


oxygen. Ifthe porosity of the shell be destroyed, either by sonking 
it in oil or closing its pores with varnish, the death of the incubated 
egg ensues in a very short time. 


B, Compound Eggs. 


Compound eggs are found only in a few subdivisions of the 
invertebrated animals, as in the Cestodes, Trematodes, etc.; they 
are noteworthy in this respect, tnat they are produced by the 
union of numerous cells, which are formed in two different glands 
of the sexual apparatus of the female,—in the germarium and in 
the vitellariam. In the germarivm is developed the egg-cell in the 
restricted sense. This is always very small, and consists almost 
exclusively of egg-plasm. When this cell at its maturity is set free 
from its surroundings and comes into the sexual outlets, it is obliged 
to pass the opening of the witel/arium; here there are astociated 
with it a number of yolk-cells, which, owing to deposition of reserve 
material in the protoplasm, appear turbid and coarsely granolar, 





DESCHIPTION OF THE SEXUAL PRODUCTS, 19 


and which constitute the dower that is given by the maternal 
organism to the developing germ on its way. Thereupon the whole 
is enclosed in one or several secondary egg-membranes, and now) 
constitutes the compound egg, in which, however, the developmental 
processes manifest themselves exclusively on the simple germ cell ; 
it is that alone which is fertilised and segments, while the yolk-cells 
gridually degenerate and are employed as nutritive material. Thus 
in this case also, upon closer examination, the general law, that the 
descendent organism takes its origin from » single cell of the maternal 
body, suffers no exception. 


2, The Seminal Filaments, 


Tn contrast with eggs, which are the largest cells of the animal 

hedy, the sperm-cells or sperm-filaments (gpermatozon) are the 
smallest elementary parts; they are accumulated in great multitudes 
in the seminal fluid of the male, but can be recog- 
nised in it only by the aid of high magnification, 
being, for the most part, slender motile filaments. 
Tnasmmch as every cell consists of at least two 
parts, namely, nuoclens and protoplasm, we must 
look for these parts in this case also. We shall 
take for description the spermatozoa of Man. 

Tn Man the seminal filaments (fig. 9) are about 
0-05 mm, long. One may distinguish as head (&) 

a short but thick region, which marks the anterior 
end, as tail a long thread-like appendage (9), and 
between the two a so-called middle piece (m). 

‘The head (&) has the form of an oval plate, 
which is slightly excavated on both surfaces, — dest (t), » mid- 
and is somewhat thinner toward the anterior end. {ih Tse (vant 
Seen from the side (2) it presents a certdin re- 
semblance to a flattened pear, Chemically considered, it consists of 
niclear substance (nuclein or chromatin), as microchemical reactions 
show. To the head is united, by means of a short part called the 
midile piece (m), the long thread-like appendage (s), which is com- 
posed , and is best compared to a flagellum, because, 
like the latter, it executes peculiar serpentine motions in virtue of 
its contractile properties. By means of these motions the sper- 
muatozoin moves forwards in the seminal Huid with considerable 


‘velocity. 





EMBRYOLOGY, 


‘The spermatozoa have often been designated—and it seems 
to us with ontire justico—as ciliate, or still better as flagellate, 
calls, 

‘The spermatozoa of the remalning Vertebrates have a similar 
structure to that of Man; on the whole, the diversity of form which 
is encountered in the comparative study of the egg-cell in the animal 
kingdom is wanting here, 

‘That spermatozoa are in reality metamorphosed cells cannot be 
more clearly demonstrated than by their li 
to the extended observations of La Vaterre and others, each 
spermatozotin is formed from a singlo seminal cell or ape: matid, and, 
to be more procise, the head is formed from the nucleus, the contractile 
filament from the protoplesm, 

‘The motamorphoses which take place in the development have 
been investigated with the greatest detail by Fumie and 
Heemasy in the caso of Salamandra maculata, the spermatozoa of 
which are characterised by their very great size, The individnal 
xpermatozoiin here consists of ; (1) a very long head, which has the 
form of a finely pointed skewer, and takes up stains with avidity; 
(2) a short cylindrical middle piece, which differs from the first part 
in chemical properties also; (3) the motile caudal filament, which in 
‘the Salamander exhibits the additional peculiarity that it is provided 
with a contractile undulating membrane. Of these three regions 
the skewer-like head, and probably also the middle piece, arise from 
the nucleus of the spermatid, whoreas the contractile filament is 
differentiated out of the protoplasm. In the development of the 
head the nucleus of the seminal cell is seen to become more and 
nore elongated (fig. 10.4, #); at first it takes the form of a pear 
(fg. 10 4 &); then it grows out into an olongated cone (fig. 10 # 4), 
the base of which serves as the point of attachment for the middle 
piece (mist), The cone becomes elongated and narrowed into a rod 
(tig. 11 A, B), which is finally converted into tho characteristic, form 
of a skewer, With this elongation of the nucleus the chromatic 
network becomes more and more dense, and at last assumes a quite 
compact and homogeneous « feonsitin, 4s in the mature spermatozoiin, 
‘The fundament (Anta; v1 0, 11, A, B, mat) 
makes its appearance é n the to elongate— 
at that end ha od i a the form of 
‘a small oval vhich at firet takes up stains like the head, but 
afterwards loses this property. Its first appearance demands still 
further elucidation, 
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Why are the male sexual cells so small and thread-like, and 80 
differently constituted from the eggs 

The dissimilarity betwoon the male and the female sexual cells is 
explained by the fact that a division of labor has arisen between the 
two, inasmuch as they have adapted themselves to different missions. 


4 


A, Seaninal cel with prarahaped mucous ; 4, serainal 
‘Gall With cone-shaped nucleus ; a, seminal cell ; £, 
‘ouelevs with chromatin network, and mucteotl (w) 5 
‘at, bony out of which the middle pioce Ie sleveloped ; Jb, Nuclous, which has become 
¥, ting-like stracture, which Js in contact with the elongated to form the head 
tabhile plees, ned is claimed to have relation to the ‘ot the apermatonson ; mat, 
formation of the spiral membrane of the flament ; ite middie plese; J, ite 
4 caudal appendage of the sevinal fament, eanilal filament. 


The female cell has assumed the function of supplying the substances 
which are necessary for that nutrition and growth of the cell proto- 
plasm which a rapid accomplishment of the process of development 
demands. It has therefore, while in the ovary, stored up in itself 
yolk-substance, reserve material, for the future; and consequently 
has become large and incapable of motion, But inasmuch as it 
is necessary for the accomplishment of a process of development 
that union with a second cell from another individual should take 
place, and since fon-motile bodies cannot unite, therefore the male 
element has been suitably modified to meet this second requirement. 





as, for example, yolk-material, which would interfere 
ipal requirement. At the same time it has assumed 


‘evident that the stationary egy must now be sought out by the 
migratory cell, 

A few physiological statements may be in place in this connection. 
Tn comparison with other cells of the animal body, and especially 
in comparison with the eggs, the seminal flaments are characterised 
by greater duration of life and power of resistance, a fact which is 
frequently of importance for the success of fertilisation. The mature 
spermatozoa, after they are set free from their cgnnection with 
other cells, remain for months in the testes and vasa deferentia 
without losing their fertilising power. They also appear to remain 
active for a long time after having been introduced into the sexual 
passages of the female, perhaps for several weeks in the case of Man. 
For some animals this is demonstrable to acertainty, For example, it 
is known that the semen of Bats remains alive in the uterus of the 
female during the whole winter; and in the case of the Fowl it is 
known that fertilised eggs can be laid up to the eighteenth day after 
the removal of the Cock. 

In the presence of external influences semen shows itself to be 
much more resistent than the egg-coll, which is easily injured or 
killed. For example, when semen is frozen and then thawed out, 
the motion of the seminal filaments comes back again. Many salts, 
if they are employed not too strong, have no deleterious influence, 
Nareotics in strong concentration, and when employed for » long time, 
make the filaments motionless, without immediately killing them, 
because after removal of the injurious substance they can be revived. 
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Very weak alkalitie solutions stimulate the motions of seminal 
filaments; on the contrary, acids, even when they are very dilute, 
produce death. Accordingly the motion becomes more lively in all 
animal fluids of alkaline reaction, whereas in acid solutions it soon 
dies out. 


Hisrowy.—The discovery that egg and seminal filament are simple cells is 
of far-resching import for the comprehension of the whole process of develop- 
mont. In order to appreciate this to its full cxtent, it will be necessary to 
make a digression into the historical field, Such a digression will moquaint as 
with some fandamental transformations, which have affected our conception of 
the essentials of developmental processes, 

Tn the last century, and even in the beginning of the present, ideas about the 
matare of the sexual prodacts were very indistinct, The most distinguished 
anatomists and physiologists were of opinion that eggs agreed in their structure 
in every particular with the grown-up organism, and therefore that they 
Possessed from the beginning the same organs in the same position and con- 
nection as the latter, only in an extraordinarily diminutive condition. But ine 
‘asenuich as it was not possible, with the microscopes of the time, actually to see 
and demonstrate in the eggsat the beginning of their development the assumed 
‘organs, recourse was had to the hypothesis that the separate parts, such as 
nervous system, glands, bones, ete, must be present, not only in avery diminu- 
tive, bat also in a transparent condition, 

In order to make the process more intelligible, the origin of the blossoms of 
plants from their buels was cited as an illustrative example, Just as already 
in a small bud all the parts of the flower, such as stamens and coloured petals, 
are €iivéloped by the green and still unopened sepals,—just as the parts grow 
in concealment and then suddenly expand into a bl so also in the de- 
Yelopment of animals It was thought that the already present but smal! and 
‘transparent parts grow, gradually expand, and become discernible. The doctrine 
which has just been outlined was consequently callod the Theory of unfolding, 
or erolwtion. However, a more appropriate designation for it is the one intro- 
duced daring recent decennia—preformation theory. For the characteristic 
feature of thix doctrine is, that at Ao instant of development is there anything 
new formed, bot rather that every part is present from the beginning, or Is 
preformed, and consequently that the cory extence of develoyrment—the be- 

denied. “There is no such thing as becoming!” is the way it fs 
inthe” Elements of Physiology” by HALLER. “No part in the animal 
‘body was formed before another ; all were created at the same time.” 

‘As the mevessary consequence of a rigid adherence to the prefurmation theory, 
7t follows, and intleed was formulated by Leresrrz, HALLER, and others, that 
4a any germ the gorms of all subsequent offapring mast bo established or 
{neluded, since the animal species are developed from one another in un+ 
interrupted sequence. In the extension of this boz-within-boz doctrine 
(Binschachtelungilekre) its expoandurs went so far as to compute how many 
‘igen germs at the least were concentiated in the ovary of mother Eve, and 
‘thereby arrived at the nuniber 200,000 tmillions. 

“The evolution theory offerod a poist of attack for a sclentitic foud, inasmuch 
‘as overy individual among the higher orgunisms is developed by means of the 

‘of two separate sexes, When, therefore, the seminal filament as 





which was nocessary to the growth of the spermatozodn. 

In the face of such doctrines there dawned a new period for 
when in 1759 Caspan Farepaica WoLrr in his doctor's dissertation opposed 
spe aomset ie srelntce Sor, and, casting 


‘then to give way to more profound knowledge, thauks to the improved optical 
aids of recent times, and to the establishment of the cell-theory by SCULEIDEN 
and SCHWANN. A better insight into the elementary composition of animaly 
und plants was now acquired, and especially into the finer structure of the 
sexual products, the egg-cell and the seminal filament, 

So far as regurds the egg-cell, a series of important works began with 
PURKINJE'S investigation of the Hen’s egy in 1825, in which the germinative 
vesicle was described for the first time. This was soon (1827) followed by 
©, BE, ¥. Ban's celebrated discovery of the Mammalian egg, which had been 
hunted for, but always without success. Extensive and comparative investiga- 
tions into the structure of the egg in the animal kingdom were published in 
1836 by R. WAGKER, who also discovered at the same time in the germinative 
vesicle the germinative dot (macula germinativa). 

With the establishment of the cell-thoory thore naturally arose the question 
us to how far the egg was in its structure to be regarded as a cell,—a question 
which was for years answered in widely different ways, and which even now 
from time to time ix broaght up for discnssion inan altered form, Evenat that 
Hime SCRWANS, albeit with a certain reserva expressed it as his opinion that 


Vemporries (Discnorr 
* Historical presentatic 


rrcinenschast, Bal. 1V., Leipaig, 1808; and by W. 
Hts," Die Theorien der geschJechtlichen Zeugung.” Arobiv fer Anthropologie, 
BA. IV, 0, ¥, 
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and the yolk as a mass of enveloping substance. A unanimity of views in this 
matter was brought about only after the general conception of “cell” bad 
recelved in Histology a more precise definition. This was duo especially to 
more accurate knowledge of the processes of cell-formation gained through 
the works of NAguLt, K0.tikee, Remax, Leypra, and others, 

‘The interpretation of oggs with separate formative and putritive yolk, and 
with partial cleavage, occasioned especial difficulty, Two antagonistic views 
in this matter have existed for a long time. According to one riew, eggs with 
polar nutritive yolk (the eye of Reptiles, Birds, ote.) are compound structures, 
‘which cannot be designated as simple cells. Only the formative yolk, together 
with the germinative vesicle, is comparable with the Mammalian egg; the 
nutritive yolk, on the contrary, is something new, superposed upon the cell 
from without, « prodnct of the follicular epithelium. ‘The spherutes of the 
white yolk are explained as uninuolear and multinuclear yolk-cells, The 
formative and nutritive yolk together are comparable with the entire contents 
of the GRAAWIAN vesicle of Mammals, H. Mecxnt, Atuex Tnomsox, 
Ecker, Sraickes, Hrs, and others, have expressed themselves in favour of this 
view with slight modifications in the details. 

According to the opposite view of Leuckart, KOutiken, GEGENBAUR, 
Hascket, VAN Baxxves, Barrovr, and others, tho Bird's egg is just as traly 
a simple cell as the egg of a Mammal, and the comparison with a GRAArtay - 
folliche is to be rejected. The yolk never contains enclosed. cells, but only 
netritive components, As KOuLaixew, expecially in opposition to Hrs, has 
shown, the white-yolk spherules contain no stractures compesable with genuine 
cell-nuclei; and therefore cannot be interpreted as cells As Geoxssaun 
already in 1861 sharply formulated it: “The egys of Vertebrates with partial 
cleavage are on that account csscntially no more compound structures than 
those of the remaining Vertebrates; they are nothing else than enormous 
cells peealiarly modified for special purposos, but which never surrender this 
their real character,” There would be no change in this interpretation, even 
if it should prove to be that the yolk was formed in part from the follicular 
epithelium, and was set free from the latter as a sort of secretion. In that 
event we should have to do with a special method of nutrition of the egg, the 
cell-nature of which cannot on that account bo called in question, 

Various components of the yolk have recelved special names. Rxicmenr 
first distinguished ns formative yolk the finely granalar mass, which, in the 
Bird's egg, contains the germinative vesicle, and forma the germ-ilisc, because 
it alone undergoes the process of cleavage, and proiuces the embryo, ‘The 
other chief mass of tho egg he called nutritive yolk, because it does not 
‘break up into cells, ant because subsequently, enclosed in a yolk-sac, it is 
consumed ms nutritive material. Afterwards His introduced for these the 
names chief germ and accessory germ (Z/anpt. une Nebenkeine), 

Whereas the nomenclature of Rutcuxnt and H18 is applicable only to eggs 
‘with polar arrangoment of nutritive yolk, VAN BeNgbeN (1870) bas undertaken 
the diviston of the substance of the egg from a more genoral standpoint. He 
distinguishes between the protoplasmic matrix of the egg, in which, as in 
‘every cell in general, the vital processos take place, and the reserve and 
‘putritive materials, which are stored up in the protoplasm in the form of 
granules, plates, and balls, and which he designates as deutoplasen, Every 
6g possesses both components, only in different proportions, in varied forms 
and distribation. BALvoUn hns selected this Intter condition as a basis for 
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division ; and bas consequently made the three groups of alccitbal, teloleeithal, 
and centrolecithal eggs, for which I have selected the designation eggs with 
little or uniformly distributed yolk, eggs with polar, and eggs with central 


In recent times investigation has been directed to the finer structure of the 
germinative vesicle, in. which Kixtnxxneng (1872) was the first to observe a 
nuclear trestle (A¢ragerdat) or nuclear network, which since 
then has been shown by numerous researches to be a constant stractare, In 
the case of the germinative dot I have myself designated two chemically and 
substances as nuclein and paranuclein, the 
the importance and the rile of which in the develop- 

ment of the egg are not yet concluded, 


‘The history of the spermatozoa begins with the year 1677, A student in 


and published them in several papers, which soon attracted general attention, 
‘The sensation caused was all the greater because LenuWeNnoKck declured the 
‘seminal fMamonts to be the proéxisting germs of animals, and maintained that 
at fertilisation they penetrated into the egg-coll and grew up in it, Thus 
arose the school of animatcnlists, 

After the refutation of the preformation thoory, it was thonght that no 
importance was to be ascribed to the seminal Glamonts in fertilisation, it 
being held that it was the seminal fluid that fertilised. Even during the finst 
four decennin of the present century, the seminal filaments wero almost 
universally beld to be independent parasitic creatures (spermatozoa) com- 
gareble: witt: the Znfanoria, Even in Jou. MOLLEn’s “ Physiology '" (1833-40) 
ooours this statement: * Whether the semen-animaloules are parasitic animals, 
or animated elements of the animals im which they occur, cannot for the 
present be answered with certainty.” 

‘The settlement of the question was accomplished by comparative histological 
investigations of the semen in the animal kingdom, and by physiological 
experiment, 

In two exsays—“ Beitriige 2ur Kenntniss der Geschlechtsverhiltnisse und 
der Samentiiissigkeit wirbelloser Thiere,” and “ Bildung der Samenfiden in 
Blischen "—KOr.ixeR showed that in many animals, eg, in the Polyps, the 
semen consists of filaments only, the fluid being entirely absent; and that in 
addition the filaments are developed in cells, and consequently are themselves 
elementary parts of animals, Rercnenr discovered the sane to be trac in 
Nematodes. By means of physiological experiment it was recognised that 
seminal fluid with immature and motionless filaments, and likewise matare bat 
filtered semen, did pot fertilise, This was decisive for the view that the 
seminal filaments are the active part in fertilieation, and that the flaid, which 
is added thereto in the case of the bigber animals under complicated sexual 
conditions, “can be regarded only as a menstruum for the seminal bodies 
which is of subordinate physiological significance.” 

Since then our knowledge (1) of the finer stracture, ami (2) of the develop: 
ment of the seminal filaments, has made further advances. So far ns regards 
the first point, we have learned, especially through the works of La VALeTTE 
and Scuwsztcexn-Serpet, to distinguish between bead, midfle piece, and 
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tail, and to know their different chemical and physical properties. The view 
expressed by KOLLIKER, that ordinarily the seminal filaments were the 
metamorphosed and elongated nuclei of the seminal cella, underwent a modifi 
cation. According to the researches of La Vauerre, only the head of the 
seminal’ filament arises from the nucleus, the tail, on the contrary, from the 
protoplasm of the spermatid. Finally FuesiarxG brought forwani convincing 
proof that it is only the chromatin of the nucleus that is metamorphosed into 
the head of the seminal filament, Important investigations concerning the 
development of the seminal filaments in various animals have recently been 
made by VAX Bexepes er Juni, Parser, Henatany, and others, 


Stoprary. 


‘The most important results of this chapter may be briefly sum- 
marised as follows :— 

1. Male and female sexual products are simple cells, 

2. The seminal filaments are comparable to flagellate cells, They 
are usually composed of three portions, head, middle piece, and 
contractile filament. 

3. The seminal filament is developed out of a single cell, the 


spermatid; the head, and probably also the middle piece, from the 
nucleus ; the conitractile filament from the protoplasm. 

4, The egg-cell consists of egg-plasm and yolk-particles, which are 
reserve material (deutoplasm), imbedded in it, 

5. The quantity and distribution of the deutoplasm in the egg-cell 
is subject to great variation, and exercises the greatest influence on 
the course of the first processes of development. 

{a) ‘The deutoplism is small in amount, and uniformly dis- 
tributed in the egg-plasm. 

(6) Tho doutoplasm is present in greater quantity, and, in 
consequence of unoqual distribution, is more densely 
accumulated either at one pole of the egy or in its middle, 
(Polar and central deutoplasm.) 

(c) In eggs with polar deatoplasm (eggs with polar differentia- 
tion) the pole with more abundant deutoplasmic contents 
is designated as the vegetative, the opposite one as the 
animal pole. 

(@) In the case of eggs with polar differentiation, the more 
abundant protoplasm of the animal pole may be sharply 
differentiated as germ-tisc (formative yolk) from the 
portion which is richer in doutoplasm (nutritive yolk), 
‘The developmental processes take place only in the 
formative yolk, while the nutritive yolk remains on the 
whole passive, 





be divided into several groups and sub-groups ac- 
development from cells of the ovary alone, or from 


ovarium and vitellarium, as well as according to the 
of the deutoplasm, as exhibited in the following 


I. Simple eggs. (Development from cells of the ovary.) 
_ & little deutoplasm uniformly distributed through 
(alecithal*), (Amphioxus, Mammals, Man.) 
abundant and unequally distributed deutoplasm. 
Eggs with polar differentiation (telolecithal), with deuto- 
plasm having a polar position, with animal and 
* vegetative poles, (Cyclostomes, Amphibia.) 

(2) Eggs with polar differentiation, which aro distinguished 
from the preceding sub-group by the fact that with 
them there has been effected a still sharper segregation 
into formative yolk (germ-dise) and nutritive yolk— 
into a part which is active during development and a 
part that is passive. (Eggs having polar differentia- 
tion with a germ-disc, Fishes, Reptiles, Birds.) 

(3) Eggs having central differentiation with central deuto- 
plasih (centrolecithal) and superficially distributed 
formative yolk (blastema, Aeimhawt), (Arthropods) 

II, Compound eggs, (Double origin from cells of the ovarium 
and vitellarium,) 
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CHAPTER I. 


THE PHENOMENA OF THE MATURATION OF THE EGG AND 
THE PROCESS OF PERTILISATION, 


1. The Phenomena of Maturation. 


Eeas, such as have been described in the previous chapter, are 
not yet capable of development, even if they have acquired the 


normal size. Upon the addition of mature semen they remain 
unfertilised. In order that they may bo fertilised thoy must first 
pass through a series of changes, which I shall group together as 
the phenomena of maturation, : 

‘The maturation-phenomena begin with changes of the germinative 
vesicle, which have been followed out the most carefully on the 
small transparent eggs of invertebrated animals, such as the 
Echinoderms and Nematodes (the maw-worm of the horse), The 

ive vesicle gradually moves from the middle of the egg— 
the egg of an Echinoderm may serve as the basis of the description 
—towards its surface, shrivels a little (fig. 12.4), in that fluid escapes 
from it into the surrounding yolk, its nuclear membrane disappears, 
and the germinative dot becomes indistinct and breaks up into small 
fragments (fig. 12 B ky). During this degeneration of the germihative 
vesicle a nuclear spindle (fig. 12 B sp) ia formed, as can be recognised 
only after appropriate treatment with reagents; there arises out of 
parts of the germinative dot, or out of a part of the nuclear substance 
of the germinative vowicle, a nuclear apindie (fig, 12 B sp),—a form 
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of the nucleus which one encounters in the animal and vegetable 
kingdoms in stages preparatory to cell-division. 

The nuclear spindle, the more precise structure of which will be 
described later, in discussing the process of cleavage, pursues still 
farther the direction already taken by the germinative vesicle, until 
it tonches with its apex the surface of the yolk, where it assumes a 
position with its long axis in the direction of a radius (fig. 13 7 ap). 
A genuine process of cell-division soon takes place here, which is to 
be distinguished from the ordinary coll-division only by this, that 
the two products of the division are of very unequal size. To be 


4 s 
od 
» ° 
— b 
4 J 
we tb 


Tig. 12.—Portions ef oggs of Asterias glaciatis, They ahow the degeneration of the germinative 


fn Bgure 4 it begin to slirivel, in that protuberance of pretopiasm (4), with a radial structure 
Inside of Jt, jemetrator Inte ite interior, and dimolves the membrane wk that paint, ‘The 
gormuinatise dot (4f) ls xtitl visible, but separated Into two mbstanioes, nuclein (wu) and 
fraranuetein (e), 

fo figure 2 the gorminative vesicle (tb) ie entirely ahriveliad, Its membrane ts distolved, and 
emily stuall fragments of the germinative dot (t/) remaio. In the region of the protoplasmic 
rotaberance of tipire 4 there lea unclear spinulle (rp) in process of formation, 


miore exact, therefore, we have to do here with a eelldudding, At 
the place where the nucloar spindle touches the surface with one of 
its extremities the yolk arches up into a small knob, into which 
half of the spindle itself advances (fig. 13 77), ‘The knob thereupon 
becomes constricted at its base, and with the half of the spindle— 
fram which subsequently a vesicular nucleus is again formed—is 
detached from the yolk as a very small cell (fig. 13 7/7 rk"), Here- 
‘upon exactly the same process is repeated, after the half of the 
spindle which remains in the egg, without having previously entered 
into the vesicular quiescent stage of the nucleus, has restored itself 
to a complete spindle (fig. 13 JV’). 

There now lie close together on the surface of the yolk two 
spherules, which consist of protoplasm and nucleus, and therefore 
have the value of small cells (fg. 13 V rh', rk"), and which are 
often to be identified in an unaltered condition, even after the 
eve has been divided into a number of cells, They were already 
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known in earlier times under the name of direction bodies, or 
polar celle, ‘Choy have acquired the latter name because, in the ease 
of eggs in which an animal pole is to be distinguished, they alwayz 
arise at that pole, After the conclusion of the second process of 
budding, one half of the spindle, the other half of which was employed 
in the formation of the second polar cell, is left in the cortical layer 
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‘Pig. 18.—Formation of the polar cells in Asteria glecialis, 

In figure J. the polar spine (4y)) has advanced to the surface of tho egg. In figure 11. there hee 
‘deen fortued 4 punall elevation (rt*), which receives m half of the mpindte. In figure £2, the 
cevation Is constricted off, forming a polar cell (ri), Oud of the remaining half of the 

spindle & second complete spin He (4p) hax ariemn, In Agure /¥, there biilges feet 


yrevious 

Deneath the first polar cell a second elevation, which in figure F’, laa become eonsteiclet of 
ss the seconil polar call (ri), Out of the remainder af the spindle js developed (figure 4.) 
be epe-nmeleas (of), 


of the yolk (fig. 13 Vand V/ ek). From this arises a new, saall, 
vesicular nucleus, which consists of a homogeneous, tolerably fluid 
substance without distinctly segregated nucleoli, and attains a 
diameter of about 13». From the place of its formation it usually 
migrates slowly back again toward the middle of the egg (fig. 14 ek). 

‘The nuclous of the mature egg (fig. 14 ek) has been designated by 
me as Egg nucleus, by vax Bexepes as female pronucleus, It is not 
to be confounded with the yerminative wesiele of the unfertilisad ogy. 
Compare the figures of the immature egg (fig. 15) and tho mature 
egg (fig. 14) of on Echinoderm, both of which are drawn with the 
same magnification. ‘The germinative vesicle is of very considerable 
size, the egg-nucleus remarkably small: in the «ase of the former 
ono distinguishes a clearly developed nucloar mombrane, a nuclear 
network, anda nucleolus; the latter is almost homogeneous, without 
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nucleolus, and not separated from the protoplasm by any fixed 
membrane, Similar distinctions in the condition of the germinative 
vesicle and the egg-nucleus recur throughout the animal kingdom. 
‘The formation of polar cells, and the accompanying metamorphosis 
of the germinative vesicle into such an extraordinarily reduced egg- 
nucleus, is a phenomenon of very wide, probably, indeed, of general 
occurrence. Polar cells have been observed throughout the Celen- 
terates, Echinoderms, Worms, and Molluscs. In the ripening of the 
eggs of Arthropods, according to the earlier observations, thoy 
Oppeared never to be present; but recently they have been found in 


« 


Yee Fig. 16, 
Fig. W—Mature egg of an Dehinodsem, {¢ encloses (n the yolk the very samalt homogeneons 


‘ig. 1b ~Immatere ogg {rom the ovary of ax Eehinoderm, 


numerous species by a number of observers, especially by Buocemtaxy 
and Werssaxx. Among Vertebrates polar cells are always en- 
countered in Cyclostomes and Mammals, whereas in Fishes and 
Amphibia they have been identified only in some casos, and in Reptiles 
ond Birds not at all as yet. They arise cithor somo time before or 
else during fertilisation. 

In the case of Masnmals (Rabbit and Mouse) the process has been 
very carefully investigated by vay Bexeprn, and recontly by Tavani. 
Severa. weeks before the rupture of the Gnraartax follicle the ger- 
minatiye vesicle ascends to the surface of the egg ; some days before 
that epoch it there disappears, and at the place where it disappeared 
there are formed the eg-nucleus and, under the zona pellucida, one 
or two (Tarai) polar cells, The egg after it has escaped from the 
ovary always exhibits egg-nuclous and polar cells, 

Also in the ease of Fishes, Amphibin, Reptiles, and Birds, whose 

3 
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eggs are of considerable size and with few exceptions opaque, the 
germinative vesicle, distinguished by its numerous nucleoli, undergoes 
& regressive metamorphosis. As has been followed step by step in 
Teleosts by OxttacueR, and in Amphibia by the author, it always 
ascends from the middle of the yolk to its surface, and in 
fact without exception to its animal pole: in the ease of the 
Frog (fig. 16 4b) this occurs many weeks before the beginning 
of maturation. Here immediately under the vitelline membrane, 
it becomes flattened to a dise-like body, being at the same timo 
somewhat shrunken. Further changes, which it is very difficult 
to follow in detail, take place in a comparatively short time; 
these occur in the case of the Ampbibia at the time when the 


“ 
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eter! ‘in process of ripening. 
bv read ee OE ORS pore perntiotens Rea ey hia nine es west 
es nutans yobs un betel Selonior bey 


oggs are detached from the ovary. For if one examines eggs which 
have already escaped into the abdominal cavity, or have entered the 
oviduct, it is uniformly found that the germinative vesicle with its 
dots has disappeared. In this case, too, there are subsequently 
formed from « part of the chromatic substance of the germinative 
vesicle two polar cells and an egg-nucleus, as has been proved by the 
fine investigations of Horraaxy for some species of Teleosts, of 
O, Scnuurze for several Amphibia (Siredon, Triton), and of Kast 
scHeNKo for certain Selachians. 

Weisman and Brocumasn have discovered a very interesting fact 
in the Arthropods. In eggs, namely, which develop parthenogenetiv- 
ally (in summer eggs of Polyphemus, Bythotrephes, Moina, Leptodora, 
and Daphnia, as well as in Aphids) only a single polar cell is elimin- 
ated, whereas in eggs which require fertilisation for their further 
development there are always two formed. At present, however, 
this contrast cannot be established as a general law. For Pratxer 
found that in the case of Liparis dispar there are formed in 
parthenogenetic eggs, as well as in those which ary fertilised, tio 
polar cells, the first of which again divides. Brocumaxy arrived at 
the same result from the investigation of unfertilised eggs of bees, 
from which drones are developed, 
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Although the researches ou the phenomena of maturation of 
the egg in animals still present numerous gaps, nevertheless i¢ 
can be regarded as already well-established, that eggs with a germi 
native vesicle are never capable of fertilisation, that the germinati 
wewicle is without exception dissolved, and that there is formed out of 
components of it (as regards the details there are still many processes 
to be more carefully studied) @ very small egg-nucleus. During the 

ia there arise, probably without exception, polar cells. 

‘The polar differentiation of many eggs rich in yolk, which was 
pointed out in the first chapter, may be brought into causal connection 
with the phenomena of maturation. Without exception the animal 
pole is the part of the egg-sphere to which the germinative vesicle 
ascends, and where the polar cells are subsequently formed. That 
the protoplasm is accumulated here in greater quantity is in part 
referable to the fact that it comes to the surface of the egg along 
with the nucleus, which most certainly furnishes a centre of attrac 
tion for the protoplasm. 


‘The insight into the phenomeza of the maturation of the exg,as they bave boen 
connectedly presented in the preceding pages, has been acquired only by many 
roundabout ways and after the removal of many misconceptions, As early as 
the year 1825 P'unkixye, the discoverer of the germinative veslele in the Hen's 
egg, found that in eggs which were taken from the oviduet this vesicle hnd 

|, and from this concluded that it was rupturod by the contractions 
of the oviduet, and that its contents (a lympha generatrix) were mingled with 
the germ. Whence the name vesicula germinativa. Similar observations were 
made on this amd other objects by C. EB. v. Barn, Oxriacnen, Goxrrs, 
Kuxinexnunc, KowAcevexy, Retcner, and others. But on the other hand 
the positive statements were mado for many oggs (by Joi, MOLLER for 
Ketoconcha mirmbilis; by Leypio, Gecexsaun, and vAX Buxepus for 
Rotifers, Meduse, otc.) that the germinative vesicle did not disappear, but 
remained aml gave rise by direct division at the time of segmentation to the 
daughter-necles. 

‘There were therefore in previous decennia two opposing parties: the one 
asserted the continuance of the germinative vesicle and its division during the 
process of cleavage; the other maintained that the ogg-cell in ite development 
Paseed through 1 condition without nnelews, and again acquired a nucleus in 
eonsequomce of fertilisation, 

‘The controversial points were cleared up by investigntions which BOrsomt1 
and the author had undertaken at tho same time. 

1 showed in my Arst “ Beitrige rur Kenntnias der Bildung, Befrachtung 
und Theilung des thierischen Kies,” that in all the older writings there 
thad been mo distinction made between the sucleus of the immature, the 
mature, and the fertilised ezz, but that these nuclei had been often confoanded 
went bold to be identical, and I tirst established the differences between germt- 
tative veeicle, egg-neclous, and cleavage-nucleus, the latter being the names 
‘which were {utrodsced by me. In addition 1 showed that the disappearance 





vesicle, and defended the thesis that the egg during its maturation did not 
pass through a non-nuclear condition. In this I fell into an error; Lovertooked, 
Wis vil eerie! Gustevers toa tokchethion hatwrain. Wis Aasiallon ot tee paler 
cells and the disappearance of the germinative vesicle,—a process which it was 
the more difficult to establish in the object which I studied because it takes 
place in the ovary. 
‘The excellent investigations of BOTscnnt, which brought the changes of the 
vesicle into connection with the formation of the polar cells, now 
‘ing my results, The polar cells were 


nuclear aubstance in manner which it is very difficult to investigate; that 
the polar colls are formed, not by the elimination of the spindle, but by « 
gesuine process of division or budding ; that in consequence of this the egg is 
hot destitute of a nucleus even after the constricting off of the second polar 
coll, but that the egg-nuclous arises from the half of the divided polar spindle 
which remains in the yolk, and therefore, in its ultimate derivation, from 
casi of the germinative vesicle of the immatare egg: 

Soon afterwards BOTscHLt also interpreted the development of the directive 
bodics as cell-budding, likewise Grarp and also FoL, who has produced a 
vory extensive and thorough investigation on the phenomena of the maturation: 
of the egg in animals, Recently VAN BENEDES, supported by researches on 
Nematodes, has combatted the interpretation of the process as cell-budding; 
howover, Bovent and O. ZACHARIAS, who have established a completeagreement 
‘between the formation of directive bodies and the process of cell-division in 
‘the case of ‘the Nematodes also, are unable to subscribe to his conclusion in 
this matter, 

Asm new advance is to be recorded the discovery by WtaMANN and by 
BuocnMaxy, that in eggs which are developed parthenogenetically only # 
single polar cell arises. 

If the original obsourity on the morphological side, in which the phenomena. 
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of the mataration of the ogg were enveloped, has been in general cleared up, 
the same is not the case if we inquire after its physiologicnl meaning. That 
‘the germinative vesicle undergoes a regressive metamorphosis into component 
parts is easily comprehensible, for a firm membrane and a rich accumulation 
of nucleopiaam certainly cannot be necessary to the interaction of protoplasm 
and active nuclear substance in the processes of division, Its dissolution is, 
‘as it wore, the preliminary requirement for the renewed activity of the nuclear 
contents, But what function shall one ascribe to the polar cells 

Concerning this several hypotheses have been proposed. 

BALPOUR, SEDGWIOK MINOT, VAN BENEDES, anc others, are of opinion 
that the immature ogg, like every other cell, is originally hermapbroditio, and 
that by the development of polar cells it rids itself of the male constituents of 
its nucleus, which afterwards are replaced by fertilisation, BaLYour thinks 
that, if no polar cells were formed, parthenogenesis mast normally occur, 

WEISMAN, supported by his discovery in the case of eggs developing 
parthenogenetically (p. 34), ascribes a different function to the frst and the 
second polar cells. He distinguishes in the germinative vesicle two different 
kinds of pinsma, which he designates ovogenctic and germinal plasma. 
‘He maintains tbat by the formation of the first polur cell the avogenetic 
plasma is eliminated from the ovam; by that of the second polar cell, hnlf 
of the germinal plusma. In the latter case the ejected germinal plasma must 
be replaced by fertilisation. 

‘These hypotheses appear to me vpon closer examination to present many 
vulnerable points, To me appears more promising an interpretation of 
Borsemt1, who compares the egg, as had already often been done, to the 
‘mother-cell of spermatozoa. Just as the latter gives rise to many spermatozoa, 
so nlso the egg must have once possessed the capability of dividing itself into 
many eggs. In the formation of the polar cells, which are eggs that have 
become rudimentary, aa it were, there has been preserved a trace of these 
original conditions, Also Bovenr regards the polar cells as abortive ayn 
Thave likewise always conceived of the conditions in this manner, 


2. The Process of Fertilisation. 


The union of egg-cell and spermatic cell is designated as the process 
‘of fertilisation. This process is to be observed, sometimes with great 
difficulty, sometimes with considerable ease, according to the choice of 
the animal for experimentation. The investigator ordinarily en- 
counters great difficulties in cases where the ripe eggs are not laid, but 
where a part, if not the whole, of their development is effected within 
the sexual ducts of the maternal organism. In such cases the fertili- 
sation also must evidently take place in the ducts of the fomale sexual 
apparatus, into which the semen is introduced in the act of 


‘An Gnternal fertilisation takes place in nearly all Vertebrates 
“excopit the greater part of the Fishes and many Amphibia, Usually the 
“egg and the spermatogca ineet, in the case of Man and Mammals, in 
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the beginning of the oviduct; likewise in the ease of Birds they meet 
in the first of the four regions previously (p, 17) distinguished, and 
at a time when the yolk is not yet surrounded with its albuminous 
envelope and calcareous shell. 

Tn contrast to internal fertilisation stands external fertilieation, 
which is the simpler and more primitive method, and which occurs in 
the case of many Invertebrates that live in the water, as well as 
ordinarily in Fishes and Amphibia, In this method, while male and 
female keep near together, both kinds of sexual products, which are 
for the most part produced in great number, are evacuated directly 
into the water, where fertilisation takes place outside of the maternal 
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Me 37,3 CA ptf ge af Ai sts 
‘The spermatosea haveatready penetrated into the gelatinous envelope which covers the exes, ti 
A there begins to be raised up» protuberance toward the moat advanced apermatonmin, is 
B the protabersnos and spermatoacin have met, In C the apermatoncin has penetrated 
into the exe. A vitelline membrane, with & craterslike erifiee, has now been distinctly 


organism, The whole procedure is thervfore much more easily obsery- 

able, ‘The experimenter has it within his power to effect fertilisation 
_ artificially, and thus todetermine p 

egg and semen are ‘to meet, 
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are in this respect most excellent objects for investigation. Conse- 
quently it was by means of them that an accurate insight into the 
processes of fertilisation was first secured. They may therefore serve 
in the following account as the foundation of our description. 

Tf ripe eggs with egg-nucleus are removed from the ovary into a 
watch-glass containing sea-water, and a small quantity of seminal 
fluid is added, » very uniform result is obtained, since in the course 
of five minutes every one of many hundreds or thousands of eggs is 
normally fertilised, as can be accurately observed by means of high 
magnification. 

Although spermatozoa attach themselves to the gelatinous envelope 


Figs 18. Pig. 19. 


Fig. 18,—Fertilised egg of » Sea-urchin, 

‘The head w€ the spurmatcandn which penetrated has been converted into a eperm-nuciows (st) 
wurrownded by a protoplaamic radiation, and has approached the ege-nucleus (+L). 

Fig. 19.—Yortitised ogg of « Bea-urehin. 

‘The sperm-nneleas (aX) and the egg-nucleas (ot) have corse clow to ema other, and both are 
arreundet by 4 peotoplannic radiation, 


of an egg in great numbers,—many thousands of them when con- 
centrated seminal fluid is employed,—astill only « single one of them 
is concerned in fertilisation, and that is the one which by the lash- 
like motion of its filament first approached the egg. Where it strikes 
the surface of the egg with the point of its head the clear superficial 

of the egg-protoplasm is at once elevated into a small knob 
that is often drawn out to a fine point, the so-called receptive promin- 
ence (Lmpfingnisshtigel), or cone of attraction. At this place the 
seminal filament, with pendulous motions of its caudal appendage, 
bores its way into the egg (fig. 17 4, B). At the same time ao fine 
membrano (fig. 71 €) detaches itself from the yolk over the whole 
surface, beginning at the cone, and becomes separated from it by 
fn ever-increasing space. The space probably arises because, in 
worisequenew of fertilisation, the egg-plasma contracts and presses 





EMBRYOLOGY, 


ont fuid (probably the nuclear fluid which was diffused after the 
disappearance of the germinative vesicle). 

‘The formation of a vitelline membrane is in so far of great signi- 
ficance for the fertilisation, as it makes the penetration of another 
male element impossible. No one of the other spermatozoa swing- 
ing to and fro in the gelatinous envelope is able after that to get 
into the fertilised egg. 

‘The one which has penetrated thereupon undergoes series of 
changes. The contractile filament ceases to vibrate, and soon dis- 
appears; but out of the head—which, as was previously stated, is 
derived from the nucleus of a sperm-cell (spermatid), and consists of 
nuclein—there is soon developed a very small spheroidal or oval 

corpuscle, which afterwards becomes 
somewhat larger, the somen- or 
sperm-nucleus (fig. 18 st). This 
slowly moves deeper into the yolk, 
whereupon it exerts an influence 
upon the surrounding protoplasm, 
For the latter is arranged radially 
around the sperm-nucleus (sk), so 
that there is formed a radiate 
figure, which is at first small, but 
afterwards becomes more and more 
{nd sperm-nuclens are fued to forme Sharply expressed and more ex- 
‘dexvagenacleus (/€), whieh oompies the tended, 
hp ees Now an interesting phenomenon 
begins to hold the attention of the observer (figs. 18, 19, 20). Egg- 
nucleus and sperm-nuclevs mutually attract each other, as it were, 
and migrate through the yolk toward each other with increasing 
volocity. ‘The sperm-nucleus (sk), enveloped in its protoplasmic radia- 
tion, changes place more rapidly than the egg-nucleus (ek). Soon the 
two meet, vither in, or at least near, the middle of the egg (fig. 19); 
become surrounded by # common radiation, which now extends 
through the whole yolk-substance; are firmly juxtaposed, and then 
mutually flattened at the surface of contact; and finally fuse with 
each other (fig. 20 fh). The product of their fusion is the first 
cleavage-nucleus (fk), which undergoes the further alterations leading 
to cell-division, 

‘This whole interesting process of fertilisation has consumed in tho 
present object of investigation the short time of about ten minutes only, 

The phenomena of fortilisataon discovered in the Echinoderms were 
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soon observed, either completely or at least partially, in numerous other 
animals also—in Colentorates and Worms (Nusssaum, YAN Bexepey, 
Caxnoy, Zacnantas, Boveri, Puatyen), and in Molluses and Verte- 
brates, As regards the last, it has been possible to follow accurately 
in the case of Petromyzon the penctration of a single spermatozoiin 
into the egg through a special preformed micropyle in the vitelline 
membrane (Catnrnia, Kurrren, Besecke, and Boum). Likewise in 
the Amphibia, proof has been brought forward that after fertilisation 
& sperm-nucleus is formed at the animal pole, and that, surrounded by 
@ pigmented area, derived from the cortex of the yolk, it moves to- 
ward another more deeply imbedded nucleus (egg-nucleus), and fuses 
with it (O, Herrwic, Bamnrxe, Bors), In Mammals the fertilisa- 
tion takes place in the beginning of the oviduct, Evidence has also 
been produced in their case that after the liberation of the polar 
cells two nuclei are temporarily to be seen in the egg-cells, and that 
these unite in the centre of the egg to form the cleavage-nucleus 
(van Bexeprx, Trays). 
This is the proper place in which to mention briefly the so-called 
“ micropyle. In many animals (Arthropods, Fishes, ete.) the eggs are 
enclosed before thoy are fertilised in a thick firm envelope, which 
is impenetrable for spermatozoa. Now, in order to make fertilisation 
possible, there are found in these cases at a definite place on the egg- 
membrane sometimes one, sometimes soveral, small openings (micro- 
pyles), at which the spermatozoa accumulate in order to glide into 
the interior of the egg. 

The egg of Nematodes has for several years rightly played an 
important rile in the literature of the process of fertilisation. But 
this is especially true for the egg of the Maw-worm of the Horse 
(Ascaris megalocephala), which vay Bexzpen has made the subject 
‘of a celebrated monograph. It is an excellent object, in so far 
ms it not only can be had for study everywhere and at all seasons of 
the year, but also allows one to follow step by step, in the most 
accurate manner, the penetration and subsequent fate of the sper- 
matozotn. Since, moreover, the process of fertilisation in Ascaris 
megalocephala presents many peculiarities in its details, an extended 
presentation of them is both warranted and desirable, 

Tn the case of this Worm,in which the sexes are separate individuals, 
there is copulation, and the fertilisation of the ezg takes place within 
the sexual passages of the female, In one region, which is expanded 
into & kind of uterus, mature spermatic bodies are met with in great 
numbers. The appearance of these differs greatly from that which 
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the male seminal elements ordinarily present in the animal kingdom : 
for they are apparently motionless ; are comparable in form to a cone, 
m conical ball, or a thimble (fig. 21); and consist in part of a 
granular substance (4), in part of a homogeneous lustrous substance 
(f), and of a small spherical body of nuclear substance (k), which i: 
imbedded in the granular substance at the base of the cone, 

When the small naked eggs enter into the region designated as 
uterus, fertilisation takes place at once. One spermatic body, which 
can execute feeble ameboid motions with its basal end (Scuxeter), 
attaches itself to the surface of the yolk (fig, 22 sk), Where contact 
with the egg first takes place, there is formed, exactly as in the 
Echinoderms, a special cone of attraction. Here the spermatic 

body, without esential change of form, gradually 
glides deeper into the yolk, until it is completely 
enclosed therein (fig. 23), 

While the two sexual products are thus externally 
fused, the ogg itself is not yet ripe, because it still 
possesses the gorminative vesicle (fig. 22 4%), but 
it now promptly begins to enter upon the matura- 
tion stage by preparing to form the polar cells. 
The germinative vesicle, which is of small size in 
the case of the Maw-worm of the Horse, loses its 
sharp delimitation from the yolk, moves toward 
that surface of the egg which is opposite to the 
cone of attraction (figs. 23, 24), and is gradually 
converted into a nuclear spindle (sp), the origin 

of which may bo traced upon this object with considerable precision. 
of 


out of the chromati substance, of numerous short, rod-like pisces 
(Ggs. 23, 24, oh), which form directly the chromatic elements of 
eat). 


od farther and farthor 

egg (figs. 22, 23, sk), And 

le ae the yolk (fig. 24 sk), approxi- 
tho germinative vesicle before its 
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of its nuclear substance, which was described as a small, deeply 
stainable spherulo, there arises a vesicular nucleus (fig. 25 4k), which 
acquires the «ame size and condition as the egg-nucleas, 


Fig. 22 Fig. 23, 


Fig. 22.—An ogg of Ascaria mopalocophals just fertilised, after vax Mextonx, 

ab, Spennatic bedy, with nucleus, which has entered the emg: /, fatlike substance of the 
spermatic body; &, germinative woxicte, 

Fig. 23,—A stage of « fertilised egg of Ascaris megalocephala, somewhat older than that of 
tg. 22, after vax Meng, 

6, Spermatic bedy, which has penetrated deeper into the cortex of the yolk ; ep, Polar epindio 
‘nich hase arisen from the gorminative vesicle ; ek, chromosomes of the spindle, 


After the rapid and continuous accomplishment of these processes, 
the egg of the Worm usually enters on » longer or shorter period of 


Pig. 33, 


‘Fig. %.—A sill oler stage of development, following that of fg. 23, of the egg of Ascarie 

smegalocephals, after Bovens, 

fe Polar mpéadte, which hae seeaded to the murtace of the yolk; ob, 2 x 4 chromosomes; 
#&, epermiatio wuckoas, which has migrated into the middle of the egy. 

Fig. 25,—Egg of Ascaris megalocephala in preparation for the process of oleavage, after 
E. vay Besupey. 

‘P& Toe polar cells whieh have arisen from the polar spindle (xp) of fig. 24 by a repetition 
‘of tee process of trading ; 4%, egenncteus; oh, spermatic nucleus already preparing to 
ivide 5 cb, wacker loops or ebromosames, 


rest, It now presents (compare fig. 25, which represents « stage 
already further developed) at its surfaco within the vitelline mem- 


‘brane two polar cells (pz), and in its interior two large vesicular 
niuclel, the spermatic nucleus (ek) and the egg-nucleus (ei), the 
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Iatter of which has come close up to the former, without, however, 
fusing with it. A union of the male and female nuclear substances 
into a common nuclear figure takes place in the case of the Maw- 
worm, whon the process of egg-cleavage is beginning. 

The processes of fertilisation just described can be designated as 
typical for tho animal kingdom, But they appear to recur in exactly 
the same manner throughout the vegetable kingdom also, as has 
been shown by the thorough investigations of Srraspurcer. We 
are therefore in a better position now than formerly to advance a 
theory of fertilisation based upon an important array of facta :— 

In fertilisation clearly demonstrable morphological processes take 
place, Of these the important and easential one is the union of too 
orll-nuclei which have arisen from different sexual cells, a female egg- 
nucleus and a male spermatic nucleus. These contain the fructifying 
nuclear substance, which is an organised body and comes into activity 
as such in fertilisation, 

Recently the attempt has been made to expand the fertilisation 
theory into a theory of transmission. Important reasons may be urged, 
as appearing to indicate that the fructifying substance is at the 
same time the bearer of the transmissible peculiarities. The female 
nuclear substance transmits the peculiarities of the mother, the mule 
nuclear substance the peculiarities of the father, to the nascent creature, 
Perhaps there is in this theory a morphological basis for the fact 
that offspring resemble both progenitors, and in general inherit from 
both equally numerous peculiarities, 

Af we accept these two theories, the nucleus, which, despite its 
constant presence, proviously had to be described as a problematic 
structure of unknown significance, acquires an important rdle in the 
life of the cell. It seems to be the cell's eapecial organ of fertilisation 
and transmission, inasmuch | as there is stored: within it a substance 
(idioplasma of NicEit) which is loss subject to cell metastasis, 

In connection with the consideration of the process of fertilisation 
may be permitted a po digression to the realm of pathological 
phenomena, 

As follows from numerous observations in both the animal and 
vegetable kingdoms, in the normal course of fecundation only a single 

ates into an egg, when the encountering 
healthy. But with an impaired condition of 
by means of two or more seminal filaments 


Superfetation may be produced artificially, if by way of experiment 
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one injures the egg-cell. This may be accomplished either by 
exposing it temporarily to a lower or a higher temperature, and 
thos producing cokd-rigor or heat-rigor, or by affecting it with 
chemical reagents,—chloroforming it, or treating it with morphine, 
strychnine, nicotine, quinine, ete..—or by doing violence to it in a 
mechanical way, such a shaking it, It is interesting to observe how, 
with all of these means, the degree of superfetation is, to a certain 
extent, proportional to the degree of the injury; how, for example, a 
small number of spermatozoa penetrate into eggs which have been 
slightly affected with chloral, whereas a greater number penetrate 
those which have been more strongly narcotised. 

Tn all unfertilised eggs the whole course of development becomes 
abnormal, But whether, as claimed in Fou’s hypothesis, the origin 
of double and of multiple organisms is referable respectively to the 
penetration of two and many spermatozoa, must still be regarded as 
doubtful. Certainly the question suggested richly deserves to be still 
more thoroughly tested experimentally, 


Hisrony.—The facts here given concerning the theary of fecundation are 
wcquivitions of very recent times. To omit the older hypotheses, it was 
seberally sesumed up to the year 1475 that the spermatenoa penetrate in great. 
numbers into the substance of the egg, bat that they there lose thelr activity 
andl become dissolved in the yolk. 

I succeeded In my study of the eggs of Toxopnoustes lividus in finding 
fan object in which all the internal phenomena of fertilisation may be 
determined with ease and certainty, and in establishing (1) that in consequence 
of fortilisation the head of a spermatic filament surrounded by a stellate figure 
takes its appearance in the cortex of the yolk, and is metamorphosed into # 
small corpusche, which I called spermatic nucleus ; (2) that within ten minutes 
ege-nucleas and spermatic nucteus copulate; (3) that normally fortilisation ts 
avoomplished by only u single spermatic filament, whereas in pathologically 
altered eggs several spermatozoa may penetrate. I was therefore able at that 
thine to uanounce the proposition, that fertilisation depends upoa the fusion of 
‘two sexually differentiated cell-nuclei. 

A few months later, Vax Bex epeN announced that in the case of Mammals. 
the segmentation-tuclous arises from the fesion of two nuclei,—as had 
previogsly been observed by AUERBACH and BorTscitt.t inthe case of sumeross 
other objects,—and expressed the conjocture that one of them, which has at 
first a peripheral position, might in part result from the substance of the 
spermateroa, which, in great numbers, as he maintained, fuse and become 
commingled with the cortical portion of the yolk. An advance was soon after 
this made by Fo, who investigated with the greatest dotail the eggs of 
Behinodorms at the very moment of the penetration of a spermatic filament 
Mato the egz, and discovered the formation of a cone of attraction. Since 
then it'has been established by means of numerous researches (those of 
SRLENKA, Fo, Heurwio, Caconnca, Kurvven, Nusanacm, vaAN Bevepen, 
‘Esinrn, Foxmarc, Zacuantas, Rovers, arse, Taranr, Bowe, ant 
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ASE a dleiohenpe oorerallela crema 
oye the same manner. At 
of fertilisation wns 


kingdoms. 

Finally, the phenomena of fertilisation were utilised simultaneously by 
STRASBURGER and myself for the foundation of a theory of hervdity, in our 
endeavor to prove—what others (Keen, Haxcket, Hass) had previously 
expressed as @ conjecture—that the male and the female nuclear substances 


KoLuixen, 
tend others havo since expreased themselves ia a similar manner, 


Summary. 


1, At maturation the germinative vesicle gradually risos to the 
animal pole of the egg, and thereby undergoes a regressive meta 
morphosis (degeneration of the nuclear membrane and the fibrous 
network, mingling of the nuclear fluid—Kernsaft—with the proto- 


plasm). 

2. A nuclear spindle (polar spindle or direction-spindle) ix de- 
veloped out of remnants of the germinative vesicle, principally, 
indeed, out of the substance of the germinative dot, which breaks 
up into chromosomes. 

3. At the place where the spindle encounters the surface of the 
yolk with ono of its ends, there are formed two polar cells or direction- 
bodies (Hichtungekirper) by means of a process of budding, which is 

ted, 


4. At the second budding, half of the nuclear spindle remains in 
the cortex of the yolk, and is metamorphosed into the egg-nucleus 
‘The egg is then ripe. 

5. In the case of eggs which develop parthenogenetically (Arthro- 
poda), ordinarily only one polar cell is formed. 

6, At fertilisation only a single spermatozotin penetrates a sound 
egy (formation of a cine d'attraction, detachment of a vitelline mem- 
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nucleus; in many objects they remain for a considerable time near 
each other, but not united, and only later are together metamorphosed 
into the segmentation-spindle, 

9. In some animals fertilisation of the egg takes place only after 
completion of its maturation, but in others it is inaugurated at the 
very beginning of maturation, so that the two phenomena overlap 
each other, 

10, Fertilisation theory. Fertilisation depends on the copulation 
of two cell-nuclei, which are derived from a male cell and a female 
cell. 

11. Theory of heredity. The male and female nuclear substances 
contained in the spermatic nucleus and the egy-nucleus are the 
bearers of the peculiarities which are transmissible from parents to 
their offspring. 
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CHAPTER IIL. 
THE PROCESS OF CLEAVAGE, 


Fesriusatios is in most instances immediately followed by further 
development, which begins with the division of the egg-cell—the 
simple elementary organism—into an ever-increasing number of 
small cells—the process of cleavage. We shall begin the study of 
cleavage with a very simple case, and here also choose as a foundation 
for the presentation of the subject the egg of an Echinoderm and 
the egg of the common Ascaris of the Horse. 

Tn the living egg of the Echinoderm the cleavage-nucleus (fig. 26 
fk), which arose from the fusion of egg-nucleus and spermatic 
nucleus, is at first spheroidal, and lies exactly in the middle of the 
egg, where it forms the centre of a radiation which affects the 
whole yolk-mass; but it soon begins to be slightly elongated, and 
at the «xme time to become less and less distinct, so that with tho 
living object one might be misled into assuming that it had been 
completely dissolved. Before this, very regular changes in the dis- 
tribution and arrangement of the protoplasm around the nucleus 
have taken place. The monocentric radiation resulting from fer- 
tilisation is divided. The two newly formed midiations thereupon 
move to the poles of the elongated nucleus. At first small and in- 
significant, they rapidly extend, and finally each occupies a half of 
the egg (fig. 27), and the rays of the two systems meet at a sharp 
angle in the median plane of the egg. 

Just in proportion as the two radiations become more distinct, 
thers arises, within the granular yolk, as the starting-point and 
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centre of the radiations, a figure, which may be appropriately com- 
pared (fig. 27) with a demb-bell. It arises by the accumulation of a 
large amount of homogeneous protoplasm around the poles of tho 
elongating nucleus, forming the two ends of the dumb-bell; tho 
poles may be regarded us if they were two centres of attraction. 
‘The non-granular streak, representing the handle of the dumb-bell, 
is the nucleus, which has meanwhile undergone a peculiar metamor- 
phosis and has become indistinct. 

A more accurate knowledge of the nuclear metamorphosis may be 
got by employing suitable reagents and dyes, By means of inter- 
mediate stages, which may be disregarded here, thers arises out of 


: . t 
Pig. Fig. 27. 


Tie S6-— sie Hs Bincenihe Desalter nO a sootiaten of RANE fie, Chanenge: 


Pepe ae heck spc le ‘The nuclous (4 no longer to be wren 5 
there has arisen in ite place » dumb bell figure, 

Pi pasa ladle iacenvehy 

tho vesicular nucleus the nuclear spindle (fig. 31 B), which is a 
typical structure for cell-division throughout the organic world. 
‘This (ep) consists of two substances, both of which, in my opinion, 
are derived from the quiescent condition of the nucleus—namely, 
(1) of & non-ehromatic substance, which does not show aflinity for any 
dyes, and (2) of the stainable nuclein or chromatin. The non-chromatic 
substance forms extraordinarily fine, and therefore at times scarcely 
discernible, “ spindle-fibree,” which are united into a bundle, and 
give rise to a spindle by the convergence of their ends to points. The 
chromatin, on the contrary, has assamed the form of small individual 
granules or chromosomes, which correspond in number with tho 
spindle-fibres, and are so arranged that each granule adjoins a 
spindle-fibre at its middle point. In its totality, therefore, it con- 
stitutes at the middle of the spindle a plate composed of individual 





‘THE PROCESS OF CLEAVAGE. 5s 


granules—the nuclear plate of Srnasnurarn. That which in the case 
of the Sea-urchin ordinarily appears as a chromatic granule is found, 
upon the employment of the highest magnifying powers,—but 
especinily in the study of objects (fig. 28 A) more suitable for this 
parpose,—to be a small V-shaped loop. The namber of the loops or 
chromosomes appears to be very definite, and subject to law for each 
species of animal, 

At the tips of the spindlo there may be demonstrated, in addi- 
tion, two special and exceedingly minute bodies, one of which 
occupies the exact contro of each of the two previously mentioned 
systems of rays; they are, in fact, to be regarded as the cause of the 


Fig, 8.—Diagram of nuclear diviaion, after Stan. 

Iu figure Aone sees the spa.3to, compened of deticute non-chromatlo Obres, with thy protoplasmie 
radiations wt its tips and the chrotatic loops at ite tniddle. ‘The aplitting of the flamenta 
of the Detter hae alrewly tiken place. In figure 8 the daughter-loops resulting from the 
fiadon have moved apart In opposite direetions. In figure they begin to arrange themselves 
ina regular manper into vo groups of loops, In figure D the groups of danghter-loops lie 
pear the two poles of the spindle, 


latter. Inasmuch as during the elongation of the nucleus they are 
to be found at each of its two poles, they may be especially designated 
a8 polar corpuscles [or centrosomes]. During the whole process of the 
division of nucleus and cell-body, it appears as though a directing 
influence belongs to the two polar corpuscles. 

Important changes in the nuclear loops of the spindle take place 
during later stages of the process of division. Each loop is split 
lengthwise into two dauglter-loops (fig. 28 A), as discovered by 
Fresauxe and as confirmed since then by numerous other investi- 
gators (Sraasvunces, Heuser, van Besepey, Rast, and others). 
‘These daughter-loops son move apart toward the opposite ends of 
the spindle (figs. 28 /3, 0; see also the explanation of the figures), and 
approach very closely to the polar corpuscles at their tips (fig. 28 D) 

‘Thus by s complicated process a division of the stainable nucicar 
substance into similar halves is brought about. As the immediate 
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consequence of this the protoplasmic parts of the cell also begin at 
this time to be divided into balves by means of the process of cleavage, 
which is already recognisable externally. There is formed at the 
surface of the egg (fig. 29 A), in a plane passing between the two 
groups of loops through the middle of tho spindle perpendicular 
to its long axis, a circular furrow, which rapidly cuts deeper and 
deeper into the substance of the egg, and in a short time divides 
‘it into two equal parts. Each of these contains half of the spindle 


_ a 


Fig. 20 A.—Reg of a Ses-urehin at the moment of division. 
A Gireular furrow cute Into the yolk and halves it in # plane which is perjendicalar te the 
middle of the ouclear axis and lo the Jong axis of the dvuanb-bell, 


Bi.—Zige of & Bea-urchin after its division into two oalls, 

Jn eel romiltant of the division a vesicular daughter-nuclous has arlseo, ‘The radial arrange 
ment of the protoplastn begins to become indistinet, 

Hoth Ogures are drawn from the living object, 


with half of the loops, half of the dumb-bell, and a protoplasmic 
radiation, 

‘The resulting halves of the egg, still surrounded in common by the 
vitelline membrane, then closely apply to each other the surfaces 
resulting from the division, and become so flattened that ench one of 
them forms approximately a hemisphere (fig. 29 4). Internally, 
however, nucleus and protoplasm enter upon a brief transitory resting 
stage. There is developed out of the half of the nuclear spindle 
with its daughter-loops a vesicular homogeneous daughter-nucleus 
like the first, but in the protoplasm the radial arrangement becomes 
Jess and less distinct and at last entirely disappears. 

‘The egg of the common Maw-worm of the Horse is also a very 
instructive object for the study of the process of cleavage, as it was 
for the study of fertilisation, for it allows a still deeper insight into 
this process. As has already been stated, the ogg-nucleus and the 
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spermatic nucleus remain for a time separate, even after they have 
spproached each other. After a brief period of rest both of them 
begin to exhibit simultaneously the changes which precede the for- 
mation of the nuclear spindle. In each the chromatic substance is 
metamorphosed into a fine thread, which is arranged within the 
nuclear membrane in numerous windings. Each filament is there- 
upon divided into two equally large coiled loops, the chromosomes 
(fig. 25 ch). Now tho two vesicular nuclei lose their delimitation 
from the surrounding yolk, in which there arise at a little distance 
from each other two polar corpuscles [centrosomes], surrounded by a 
system of rays, which is at first faint, but subsequently becomes 
more distinct. Between the two centrosomes, the method of whase 
development no one has as yet succeeded in observing, there are 
formed spindle-fibres, and the four loops (chromosomes), set free by 
the dissolution of the two nuclear membranes, so arrange themselves 
that they lie upon the outside of the spindle at its equator. 

Tn the case of the egy of the Maw-worm, therefore, the union of the 
two sexual nuclei, which terminates the act of fertilisation, takes 
place only at the time of the metamorphosis to form the cleavage- 
xpindlo, in which motamorphosis they take an equal share. In eonse- 
quence of this remarkable deviation from the ordinary course of the 
process of fertilisation, vay Bexepes has beon able to establish the 
interesting and important fact that half of the chromosomes of the 
first cleavage-spindlo are derived from the egg-nuclous, and half from 
the spermatic nucleus, and that consequently they may be distin- 
guished as female and male chromosomes. Since in this instance, just 
as in nuclear division ordinurily, the four loops aro split lengthwise 
and then move apart toward the two polar corpuscles (centrosomes), 
there are formed two groups of four daughter-loops each, of which 
two are of male origin and two of female. Each group is then mota- 
morphosed into the quiescent nucleus of tho daughtor-cell. This 
furnishes incontestable proof, that fo each daughter-nucleus in each 
half of the egg, which arines ax the result of the firat cleavage, there is 
tranamitted exactly the same amount of chromatic substance from the 
egg-muclaus as from the eperniatic nucleus. 

Tho first division is followed after a brief period of rest by the 
second, this by the third, the fourth, eto., during which are repeated 
the sme series of changes in nucleus and protoplasm that have just 
been described. Thus in quick succession the 2 first daughter-cells 
are ilivided into 4, these into 8, 16, 32, 64, ete. (fig. 30), until 
there has resulted a large spheroidal mass, which has received the 
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name morula or mulberry-sphere, because the cells protrude as small 
olovations at its surface, 

During the second and third stages of cleavage there is easily 
recognisable a rigidly observed order in the direction which the planes 
of cleavage muatain to each other. The second plane of cleavage always 
halves the first and cuts it perpendicularly’; the third plano, again, is 
perpendicular to the first two, and passes through the middle of the 
uxis formed by their intersection. If one regards the ends of this 
axis as the poles of the egg, the first two planes of division may be 
designated ax meridional, the third as equatorial. 

This uniformity is caused by the mutual relation which subsists 
between nucleus and protoplasm, in which connection the two follow- 
ing laws are to be noted: (1) The plane of division always cuts the 
axis of the spindle perpendicularly at its centre, (2) The position of 


Fig. 90.—Various stages of the proceas of cleavage, after finexnavn, 


the axis of the nuclear spindle in turn depends on the form and differ- 
entiation of the protoplasmic body which envelope it, and in such a 
manner that the taco poles of the nucleus take the direction of the greatest 
protoplasmic masees, Thus, for example, in a sphere in which the 
protoplasm is uniformly distributed, the centrally situated spindle 
may come to lie in any radius; but in an ovoid protoplasmic body, 
only in the longest diametor, In a circular protoplasmic dise the 
nuclear axis lies parallel to its surface in any diameter whatever of 
the circle, but in an oval disc, as before, in the longest diameter 
only. 

Let us return now, after these general remarks, to the case under 
consideration. Each daughter-cell forms at the close of the first seg- 
mentation a hemisphere. According to the rule, the daughter-spindle 
cannot assume a position perpendicular to the flat surface of the 
hemisphere, but must lie parallel to it, so that a division into two 
quadrants must result, At the next segmentation the axis of the 
spindle must coincide with the long axis of the quadrant, whoreby 
this becomes divided into two octants. 
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There are some important deviations from the process of division 
just described, which affect the form of the cleavage products, although 
leaving unaltered the finer processes relating to the nucleus. The 
deviations are induced, as we shall show more in detail in the in- 
dividual cases, by the variation in the amount of deutoplasm contained 
in the eggs, and by the previously described variability in its distribu 
tion. One may appropriately separate the various forms of the 
process of cleavage into two clases, and each class into two sub- 
clasts, although the forms merge into one another by means of 
transitional conditions, 

To the first class we assign such oggs as are completely divided 
into segments by the process of cleavage. The cleavage itself wo 
designate ax total; and according as the segmonts are of equal or un- 
equal size, we distinguish as subdivisions egwal cloavage and wrequal 
cleavage. 

With total is contrasted partial cleavage. This occurs in the 
caso of eggs which are provided with very abundant deutoplasm, 
and are consequently of considerable size, and in which, at the same 
time, the previously described separation into formative yolk and 
nutritive yolk has been distinctly established. In this case the for- 
mative yolk alone undergoes a process of cleavage, whereas the chief 
mass of the egg, the nutritive yolk, remains undivided, and in general 
unaffected, by the processes of embryonic development; hence the 
name partial cleavage, ‘This, in turn, is resolvable into the two aub- 
types of discoidal and eupersicial cleavage, according as the forma- 
tive yolk reste as a disc upon the nutritive yolk, or onvelops the 
latter as a thick cortical layer. Remax has designated eggs with 
total segmentation as Aolohlastic, those with partial segmentation as 
meroblastic, 

Wo may therefore present the following schemo of cleavage :— 

L Tyre— 

‘Total clearnge: ) 
(@) Equal cleavage Holoblastic eggs. 
(0) Unequal cloavage J 
Hi, Tere— 
Partial cleavage : | 
(a) Discoldal cleavage Meroblastic eggs. 
(6) Superficial cleavage J 


I+ Equal Cleavage. 
In the general consideration of the process of cleavage we have 
already become acyuninted with the phenomena of equal segmonta- 





ual also, If I have not followed this suggestion, it is 
tho differences are of a trivial nature, because the nucleus 


Concerning Amphioxus, Hatscuex states that at the eight-cell stage 
four smaller and four Jarger cell are to be distinguished, and that 
from that time forward in all the subsequent stages there is to be 


size ; moreover, from tho third stage of division onward there occurs 
# difference in the rapidity with which the divisions follow each 
other in the different segments. After the four cleavage-spheres 
have been divided into eight, there is a stage with twelve spheres; 
this is followed by another with sixteen, and afterwards another with 
twenty-four, 


Fs rR Unequal Cleavage. 
As a basis for eae ie of unequal cleavage wo may smley 


more potetiond and small 
‘ The want ‘of uniformity 


protoplasm ; it then migrates into the more protoplasmic territory. 
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In the case of the Frog's egg, consequently, we find it in the black 
pigmented hemisphere, which is turned upward, 

When in this case the nucleus prepares to divide, its axis can no 
longer assume the position of any and every radius of the egg. In 
consequence of the want of uniformity in the distribution of the 
protoplasm, the nucleus comes under the influence of the more 
protoplasmic pigmented part, which rests on the more deutoplasmic 
portion like an inverted cup, and, on account of its less specific 
aravity, floats at the surface, and is spread out horizontally. But 
in a horizontal protoplasmic disc the nuclear spindle comes to occupy 
horizontal position (fig. 31 4 ep). Consequently the plane of 
division must be formed in a vertical direction. A small furrow now 


Fig. 31. —Dingram of the divisisa of the Frog's egg. 

4, Stage of the first division, B, Stage of the third division. ‘The four segment of the wand 
mage of divisiow are beginning to tee divided Wy an equatorial furrow into eight 
FP, pigmented surtsoe of the mee at the animal pole : pr, the yart of the ege which la riaher 
in protoplasm ; ol, the part which la richer in dentopiaam ; 4p, nnelesr spindle, 


begins to show itself—at the animal pole first, because the latter is 
more under the influence of the nuclear spindle, which lies nearer 
to it, and because it contains more protoplasm, from which proceed 
the phenomena of motion during division. Tho furrow gradually 
deopens downward, and cuts through to the vegetative pole. 

By the first act of division we got two homispheres (fig. 322), each 
‘af which is composed of a quadrant richer in protoplasm and directed 
upward, and another poorer in protoplasm and directed downward. 
By this means both the position of the nuclous and the direction of 
its axis are again determined, when it prepares for the second 
division. According to the rule previously laid down, the nucleus is 
to be sought in the quadrant which contains the more protoplasm ; 
the axis of the spindle must take a position parallel to the long 
axis of the quadrant, and must therefore come to lie horizontally 
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‘The second plane of division is consequently, like the first, vertical, 
and cuts the latter at right angles. 

After the conclusion of the second segmentation the Amphibian 
egg consists of four quadrants (fig. 324), which are separated from 
one another by vertical planes of division and possess two dissimilar 
poles,—one richer in protoplasm, lighter, and directed upwards; the 
other richer in yolk, heavier, and directed downwards. In the case of, 
equal segmentation we saw that at the stage of the third segmentation 
the axis of the nuclear spindle becomes parallel to the long axis of 
the quadrant. The same thing occurs here also, although in a some- 
what modified manner. On account of the greater accumulation of 
es ca amen eee cee aa 


ise 


AD) PG 
The numbers placed abore the figures indicate the number of sigmenta present in the corre 
ponding tage, 


in the case of equal segmentation, lie in the middle of it, but must. 
lie nearer to the animal pole of the egg (fig. 31 B sp). Morvover, it 
is exactly vertical, because the four quadrants of the Amphibian egy 
are definitely oriented in space on account of the differences in specific 
gravity of their halves, In consequence of this the third plane 
of division must be horizontal, and must also lie above the equator of 
the egg-sphere more or less toward its animal pole (fig. 32%), The 
segments are very unlike both in size and composition ; and this is 
the reason why this form of segmentation has been called unequal. 
‘The four upper segments are smaller and contain less yolk, the four 
lower ones are much larger and richer in yolk. They are also 
distinguished from each other as animal cella and vegetative celle, 
according to the poles near which they lie. 

In the course of further development, the distinction between 
animal and vegetative cells constantly increases, for the richer the 
cells are in protoplasm the more quickly and the more frequently 
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do they divide. At the fourth stago the 4 upper segments are first, 
divided by vertical furrows into 8, and then after an interval the 
4 lower ones are divided in the samo manner, so that the egg is now 
composed of eight smaller and eight larger cells (fig. 32"). After 
a short resting stage the eight upper segments are again divided, this 
time by a horizontal furrow, and somewhat later 4 similar furrow 

. divides the eight lower segmenta also (fig. 32%), In the same 
manner the 32 segments are divided into 64 (fig. 32%). In the 
stages which follow this, the divisions in the animal half of the egg 
are still more accelerated relatively to those of the vegetative half. 
While the 32 animal cells are divided into 128 segments by two 
divisions which follow each other in quick succession, there are 
still found in the lower half only 32 cells which are preparing 
for cleavage. It thus comes to pass that, as the final result of the 
process of cleavage, there exists a spheroidal mass of cells with entirely 
dissimilar halves,—an upper, animal half with «mall, pigmented 
cells, and a vegetative half with larger, clear cells, containing more 
abundant yolk. 

From the nature of the progress of unequal cleavage, as well as 
from a series of other phenomena, one may lay down a general law, 
first formolated by Batroun, that the rapidity of cleavage is pro- 
portional to the concentration of protoplasm in the segment. Cells 
which are rich in protoplasm divide more rapidly than thos» in which 
protoplasm is more scanty and deutoplasm more abundant. 

As we have seen, the Frog's egg, by reason of the difference in 
specific gravity between its animal and vegetative halves, by reason 
of the heterogencous pigmentation of its surface, by reason of the 
‘unequal distribution of protoplasm and deutoplasm, and by reason of 
the eccentric position of its nucleus, allows us to pass fixed and easily 
determinable axes through its spherical body. On this account it is 
an especially favourable object upon which to determine the question 
whether the egg allows one to recognise in the position of its parts, 
even before fertilisation, immediately after the same, and during the 
process of cleavage, fixed relations to the organs of the fuily developed 
organism, This question has been tested by means of ingenious 
experiments, especially by Privecen and Roux, by the latter in his 
“ Beitrige zur Entwicklungsmechanik des Embryo.” 

‘These have resulted in determining that the first cleavage plane of 
‘the egg corresponds to the median plane of the embryo, so that it 
separates the material of the right half of the body from that of the 
left, Seconily, according to Rovx, the position of the head- and tail- 
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ends of the embryo may be determined in the fertilised ogg. That 
half of the egg, namely, through which the spermatic nucleus 
migrates to reach the egg-nucleus, becomes the tail-end of the 
embryo; the opposite half becomes the head-end. Every ogg, 
however, can be fertilised in any meridian whatever, as was demon- 
strable experimentally, and thereby the tail-end of the embryo may 
be located at any chosen position in the egg. Thirdly, the plane 
in which the two sexual nuclei meet each other (copulation-plane) 
corresponds with the first plane of segmentation. 


Ii Partial Discoidal Cleavage, 


‘The Hen’s egg serves us as the classical example for the description 
of discoidal segmentation, In this instance the whole process of 


OQ 


‘Fig. 82.—Surfuce view of the first stages of cleavage in the Ien's oge, after Coste, 
4, Border of the germdise ; 5, vertical furrow ; ¢, aniall central seginent ; v, Lange peripheral 
seqment, 


cleavage takes place while the egg is still in the oviduct, during the 
period in which the yolk ix being surrounded by the albuminous 
envelope and the calcareous shell, It results simply in a cleavage of 
the germ-<ise of formative yolk, whereas the greater part of the 
egg, which contains the nutritive yolk, remains unsogmented, and 
becomes subsequently enclosed in an appendage to the embryo,—the 


Just as in the case of the pigmented, ‘noimal half of the Frog's egg, 
eo also in the caso of the Hen’s egg, turn it in whatever direction 
one will, the germ-dive floats on top, because it is the lighter part. 
As in the Frog’s egg the first plane of cleavage is vertical and begins 
at the animal pole, so in the ease of the Hen's egg (fig. 33 A) 
a small furrow (4) makes its appearance in the middle of the disc, 
and xudvances from above downward in a vertical direction, But 
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whereas in the case of the Frog’s egg the first plano of cleavage cuts 
through to the opposite pole, in the caso of the Hen's egg it divides 
only the germ-dise into two similar segments, which like two buds 
rest upon the undivided yolk-mass with a broad base, by moans of 
which they still have a physical connection with each other, Soon after 
this, there is formed a second vertical furrow, which crosses the first 
at right angles, and Hkewise remains limited to the gorm-disc, which 
is now divided into four segments (fg. 33 B). 

Each of the four segments is again divided into halves by a radial 
farrow. The segments thus formed correspond to sectors, which 
meet in the centre of the germ-disc with pointed ends, and have 

@ 6b e¢ 
\ 


ee ae tat ee tnieg te ie caged ayant 
Darroon, 


‘Th section, which represents rather more than half the breath of the blastoderm (the middle 
fine beat), bows that the segiventa of the vurface and of te centre of the dise are emailer 
than those below apd towanl the periphery. At the bortler they arg atill very large, One of 
the latter is indicted wt 0, 

Lange peripheral cell ; 8, Ranger celle of the lower layers; ¢, middle line of the blastoderm : 

4% borendary betwon the blastoderm and the white yolk, w. 


their broad ends turned toward the periphery. ‘The apex of oach of 
the segments is then cut off by « cross furrow, i.¢., by ono which is 
parallel to the equator of the ogg (fig: 33 C), in consequence of which 
there are formed smaller central (c) and larger poripheral (2) seg- 
ments, Since from this time forward radial furrows and those that 
are parallel tothe equator make theirappearance altornately, the germ- 
dike ix subdivided into more and more numerous segments, which are 
#0 arranged that the smaller lic at the contro of the disc,—thereforo 
immediately around the animal pole,—the largor toward its poriphery, 
With the advancing cleavage the smaller segments are entirely con- 
stricted off from the underlying yolk, whereas the largor peripheral 
‘ones still remain at first in continuity with it (fig. $4). In this way 
we finally get n dise of small embryonic cells, which, toward tho 
middle, are arranged in several superposed layers. 
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‘The layer of yolk which immediately adjoins the periphery of the 
cellular disc, and which is very finely granular and especially rich in 
, still merits particular consideration, for in it lie isolated 

nuclei (fig. 35 wa’), the much-discusssd yolk-nuclei or 
(the “ merocytes” of Riickent), In the caso of tho Chick they aro 
less striking than in Teleosts and Selachians, in which they have 
been accurately investigated by Bauroun, Horrmasy, Rvckerr, 
and Kastecenko. Formerly these were held to arise spontaneously 
(free formation of nuclei) in the yolk, an assumption which in itself 
is very improbable, since, according to our present knowledge, the 
free formation of nuclei does not appoar to occur anywhere in 


fie, $.—Serten tough the germs of w Pretiren embryo daing vegmaston, ater 
LOUK, 


4 Nuclous; wz, modidet nucleus prior to division ; we’, modified nucleus in the yolk; 4, 
‘furrows which appear in the yolk adjacent to tho germise, 


either animal or vegetable kingdom. Consequently the yolk-nuclet 
are now rightly held to be derived from the cleavage-nuclei. They 
are probably produced even at an early period, when the first-formed 
segments, which remain, as we have seen, for a long time in connection 
with the yolk, begin to be constricted off from the Istter, This 
probably takes place in the following manner; there arise in the 
segments nuclear spindles, the halves of which go into the completely 
isolated embryonic cells at the time of their separation from the 
yolk, while the remaining halves go into the underlying yolk-layer, 
and are there converted into vesicular yolk-nuclei, 

Their number subsequently increases by means of indirect division, 
as is established by the fact thatin sections nuclear spindles have 
been obsorved in the yolk-layer (fig, 35 na’). 

While, on the one hand, there isan increare in the number of the 
yolk-nuclei, #0, on the other hand, there is also a diminution in their 





THE PROCESS OF CLEAVAGE, 65 


mumber, as is asserted by several authors (Warperes, Recker, 
Batyour, otc.). This takes place by the constricting off of nuclei 
and surrounding protoplasm, which go to enlarge the cellular disc, 
We may, with Watorven, designate these as secomlary eleavage-cells, 
and regard the whole process as a kind of supplementary aegmentation. 

By moans of this a part of the voluminous yolk-material continues 
to be gradually individualised into cells. These annex themselves to 
the border of the gorm-<disc, which with their aid increases in extent 
and grows over a continually increasing territory of the unsegmonted 
yolk-sphere, In still later stages of development, tong after the 
cellular germ-dise hus been differentiated into the germ-layors, the 
supplementary segmentation continues to go on at the margin of the 
dise in the neighbouring yolk-mass, and to furnish now coll-material. 
Therefore the layer which encloses the yolk-nuctei forms an iniportant 
counceting link between the segmented germ and the wnaeqmented 
nutritive yolk; I shall come back to this subject later. 

‘The appearance of merocytes and the supplementary cleavage 
whieh proceeds from them are phenomena which are induced by the 
yast accumulation of yolk-material, and which allow the latter to be 
divided up into cells, even though the process is a slow one. 

‘The eggs of Selachians (Kasracnexxo, Recxesr) deviate a little 
from the usual method of partial cleavage in meroblastic eggs, 
and in a manner which recalls to a certain extent the processes 
of superficial cleavage, which are to be treated of later. The 
cleavage-nucleus, namely, is divided into two nuelei, these again 
into four and even a greater number, without an accompanying 
division of the germ-disc into corresponding number of segments, 
In this caso, therefore, there arises at first a multinuclear proto- 
plasmic mass,—a plasmodium,—in which the nuclei are distributed at 
regular intervals. Subsequently furrows appear, generally in great 
numbers and all at once, by means of which the germ-dise becomes. 
divided into colls from the centre to the periphery. Some of the 
nuclei always remain in the periphery outside tho territory of 
cleayage, here undergo further division, migrate out of the germ- 
dise into the surrounding nutritive yolk, and constitute the yolk- 
fivslei or merocytes. These cause and maintain in the yolk for 
is long time the process of supplementary cleavage. 

When we institute a comparison between partial and unequal 
eleavage,—for the descriptions of which we have made use of the eggs 
of the Hen and the Frog,—it is not difficult to derive the former 
from the latter, and to find a cause for the origin of the former. 

5 





division emanate from the protoplasm and nucleus, whereas the 
doutoplasm remains passive, Hie actice substance in the case of mero- 
blastic eggs can no longer master the passive substance and cause it to 
participate in the cleavage. Even in the case of the Frog’s ogg a 
preponderance of the animal pole during cleavage is observable; 
within its territory the nucleus lies, the radial figures of the proto- 
plism appear, and the first and second planes of division begin to 
arise, whereas they cut through at the vegetative pole last of all; 
moreover the process of division during the later stages takes place 
there with greater rapidity, so that a distinction arises between the 
smaller animal cells and the larger vegetative ones. In the case of 
the Hen's egg, the preponderance of the animal pole is still further 
increased, and the contrast with the vegetative pole is most sharply 
expressed, The cleavage-furrows not only begin there, but they 
romain restricted to the territory immediately surrounding it, Thus 
we get on the one hand a disc composed of small animal cells, on the 
other an immense undivided yolk-mass, which corresponds to the 
largor vegetative cells of the Frog’s egg. The yolk-nuolet enclosed in 
the periphery of the germ-disc are equivalent to the nuclei of the 
vegetative cells of the Frog's egg. 


‘The second sub-type of partial cloavage is prevalent in the phylam 


of Arthiopods, und occurs in centrolecithal eggs, whore a contral 
yolk-mags is enclosed in a cortical layer of formative yolk. Manifold 
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variations are possible here, as well as transitions to equal and un- 
equal cleavage. When the course pursued is quite typical, tho 
sogmentation-nucleus, surrounded by a mantle of protoplasm, lies in 
tho middle of the egg in the nutritive yolk ; here it is divided into 
two danghter-nuclei, without the occurrence of a corresponding division 
of the oggcell. The daughter-nuclei, in turn, undergo division into 
4, these into 8, 16, 32 nuclei, ete, while the egg as a whole still 
remains unsegmented. Subsequently the nuclei move apart, the 
greater number gradually migrate to the surface, and penetrate into 
the protoplasmic cortical layer, where they arrange themselves at 
uniform distances from each other. It is only at this stage that 
the process of egg-segmentation takes place, for now the cortical layer 
te divided into as many cells as there are nuclet in it, while the central 
yolk remains undivided. The latter is therefore suddenly enclosed in 
a sac formed of small cells—a Llastoderm (Keimhaut). Instend of 
& polar (telolecithal) yolk, we have w central (centrolecithal) yolk. 
Ordinarily yolk-nuclei or merocytes remain behind in the yoll, as in 
tho meroblastic eggs of Vertebrates, 


Now that we have beoome acquainted with the various forms of the 
process of segmentation, it will be expedient to dwell for a moment 
on its results. According as the process of cleavage takes place 
by one or the other of the four methods described, there arises 
& mass of cells with corresponding characteristics, From equal 
segmentation there arises a spherical germ with cells approximately 
uniform in size (Amphioxus, Mammals) (fig. 30, p. 56); from un- 
‘equal segmentation, as well as from discoidal, there is produced a 
form of the germ with polar differentintion. This manifests itself in 
the first case (Cyclostomes, Amphibia) in the production of smal] 
cells at the animal pole and large yolk-laden elements at the opposite, 
‘vegetative pole (fig. 32%, p. 60). Tn the other ease (fig. 35, p. 64) 
the vegetative pole is occupied by an unsegmented yolk-mass, in 
which at definite regions nuclei are found (Fishes, Reptiles, and 
Birds). Finally there is developed from superficial cleavage a germ 
composed of a mantle of cells, which envelops an unsegmented yolk- 
mass in which also there are nuclei (Arthropods). 

The multicellular gorm undergoes further changes, sometimes in 
‘the earlier stages of the cleavage-process, sometimes only in the later 
stages, in that a small, fluid-filled cleavage-cavity is developed in its 
contre, by the separation of the embryonic cells. At first small, this 





hollow mass of cells, A 
morula or mulberry-sphere 
is spoken of as long as the 
sogmentation-cavity is either 
wanting or only slightly de- 


is called a dlastwla or blae- 
tospiere (Keimblase). The latter in turn exhibits a four-fold 
variation of form, according to the abundance of yolk in the 
original egg and the method of the antecedent segmentation. 

In the simplest case (fig. 36) the wall of the blastula is only one 
layer thick ; the cells are of uniform size and cylindrical, and are 
closely united to one another 
to form an epithelium (many 
of the lower animals, Am- 
phioxus), In the case of 
lower, aquatic animals the 
blastule: at this stage aban- 
don the egg-envelopes, and, 
since their cylindrical cells 
develop cilia at the surface, 
swim about with rotating 
motion in the water as ciliate 
spheres or blastospheres, 

Tn eggs with unequal sog- Pig. #7.—Dlastals of Triten teaiatas, 


mentation the blastuln ix ( Smeulaton-calt: ry marinal enon; di celle 


ordinarily formed of several 
layers of cells, as in the case of the Frog and Triton, and at 
the samo time it exhibits in different regions different thicknesses 
(fig. 37). At the animal pole the wall is thin; at the vegetative 
pole, on the contrary, it is so much thickened that an elevation, 
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composed of large yolk-cells, protrudes from this side far into the 
cleavage-cavity, thus considerably diminishing it. 

‘The eggs with partial discoidal segmentation (fig. 38) are moditied 
most of all, and are therefore scarcely to be recognised as blastule, 
Tn consequence of the immense accumulation of yolk on the ventral 
(vegetative) side, the cleavage-cavity (/2) is extraordinarily constricted, 
and is still preserved only as a narrow fissure filled with albuminous 
fiuid. Dorsally its wall consists of the small embryonic cells (ke) result- 
ing from the process of cleavage, which are accumulated in several 
superposed layers; at the surface they join each other closely, 
deeper they lie more loosely associated. The floor of the cleavage- 
cavity is formed of a yolk-mass, scattered through which are 
to be found the 
yolk-nuclei or 
merocytes (dk), 
which _ likewise 
result from the 
cleavage-process. 

It is to be seen 


Dlastule 
B, Cavity of the blastoila ; fo, segmented germ ; wh, finely granular 
yolk with yolk-nuclel, 


yolk-mass very evidently corresponds to the large vegetative cells 
which constitute the floor of the cleavage-eavity in the case of tho 
Amphibinn egg (fig. 37). 

In the case of superficial cleavago there is formed, strictly speaking, 
no blastula, since the place where the segmontation-cavity should bo 
developed is filled with nutritive yolk. The latter either remains 
ansegmented or is subsequently divided, as in the Insects, into in- 
dividual yolk-cells. 


History oy THe Process oy Curavacn. 


‘The investigation and right comprehension of the process of cleavage have 
‘Veen attended with manifold difficulties, A volurninous Mteratare bas arisen 
on this subject, We limit ourselves to pointing out the most important dis- 
coveries and the chief questions which have been disou ? 

MTbo fret observations on the process of segmentation were made on the 
Prog’s ogg. Aside from short statements by SwastMenpAm and Rosu, voN 





Rosesxor, it was Prevost er Dumas who were the Grst to describe, in 1824, 


the segmentation-spheres, or whether they arose at a later period ty means 
‘of free cell-formation from cytoblastema. After NXceut on the botanical 


cellular elements arise in uninterrupted sequence from the egg-cell. 

As far as regards the different kinds of cleavage, KULLIKen designated 
‘them as total and partial. VAN BexepEN has given in bis * Recherches sur 
Ja composition et In signification de Vcruf" a more exhaustive review of the 
subject, and has also expounded in a clear way the signification of the 
deutoplasm for the different kinds of cleavage, Subsequently HABCKEL mate- 
rially simplified the categories of segmentation recognised by VAN BRNEDEN, 
and proposed in his “ Anthropogenic” and in his paper * Dic Gastrula und die 
Biturchung” the classification o€ the methods of cleavage on which is based 
the scheme previously given, and according to which total cleavage is divided 


& 
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into equal and unequal, and partial into discuidal and superficial. At the 
same time HARCKEL endeavoured to derive the different methods of cleavage 
from one another, and apropos of this directed attention to the important rile 
‘of the nutritive yolk. 

The processes which take place within the yolk have eluded observation 
sand a oorrect interpretation even more than the external phenomena of cleay- 
‘age, #0 that it ix only in tho most recent times that wo have acquired a sntis- 
faotory insight into them. It is trae that the problem, aa to what part the 
nucleus plays in segmentation, has had the un{nterrupted attention of investi- 
gators, bat without any solution having becn found, For years thero were in 
the literature two opposing views : sometimes one of them, sometimes the 
other, attained temporarily greater currency. According to one view—which 
was almost universally adopted by the botanists, and was defended on the 
sotilogical sie principally by Ruic#mar, and even recently by AUERBACH — 
the nacleus disappears before every division, and is dissolved, to be afterwards 
formed anew in each daughter-segment; according to the other view the 
naclews, on the contrary, is mot dissolved, but is constricted, becomes 
dumb-bell-shaped, and is divided into halves, and thereby indaces cell-division. 
‘This view was taught expecially by such zoUlogists and anatomiste as ©. E, 
¥. Barn, Jon. MULLER, Kouurxen, Leypic, Gucexnaun, Hagceet, vax 
DexEDEs, and others, who were supported by the observations which they 
bail made on transparent eggs of the lower animals, 

Light wns first thrown on the disputed question at the moment when suit- 
able objects were studied with the aid of higher magnifications, and especially 
with the employment of modern methods of preparation (fixing and staining 


reagents), 

‘The works of Fou, FimwMixe, ScaNetpes, and AvkuBAcE on the cleavage 
of the eggs of various animals mark « noteworthy advance, They still main- 
tained, it is true, that the nucleus is dissolved at the time of cleavage, but they 
gave a detailed and accurate description of the striking mdiation which arises 
in the yolk upon the disappearance of tho nucleus, and which during the 
constriction of the egg soon becomes visible in the rogion of the daughter- 
nuclel.* ScnwEipEn observed parts of the spindle-stage. 

Soon after this a more exact insight into the complicated and peculiar 
nuclear changes was obtained by means of three investigations, which were 
carried out independently and simultancously on different objects, and were 

in rapid succession by BOTacHL1, STRABBURGER, and the author. 
‘Tt was definitely established by those observations that there is no dissolution 
‘of the necleus at the time of division, but a metamorphosis, such as has been 
described in the preceding pages. At the same time I likewise proved that the 
‘egg-nuctous fs not » new formation, but is derived from parts of the germinative 
verlcle, From this resulted the important dectrine that, jwat aa all cells, 10 aleo 
all auelei of the animal organism are derivuticce in an wninterrupted sequence, 
the one from the egg-cell and the other frow ite muolews. (Omnis collula 0 celtula, 
omnis nuclease nuckeo.) Through these researches there was furnished for the 


* Kadiating structures had already been observed in the yolk before this, 
Wat inan incomplete manner, by different authors—by Gnune iu the Hirn- 
dines, by Damwes and Mutssxen in the Sea-urchin, by GEGENBAUR in Sagitta, 
by Kuoms, Kowatnvaxy, and Kurvvnn in Ascidians, by Luvcxant in Nema- 
todes, by BArsiant in Spiders, and by OnLLAcHER in the Trout, 
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Asst time = scheme of nuclear division and cell-diviston, which has since 
proved to be correct in all essentials, even though it has undergone important 
improvements and additions at the hands of For, FLEMMING, VAN BENEDEN, 


filaments moved apart toward the poles of the nucleus, and farnished the 
fundament for the daugbter-nuclei. VAN BENEDES at the same time made 
the additional and important observation on the egg of Ascaris megalocephala, 
that of the four chromatic loops, which are constantly to be observed in the 
case of the cleavage-nucleus, two are derived from the chromatic substance 
of the spermatic nucleus, the other two from the chromatic substance of the 
egg-nucleus; and that, in consequence of the longitudinal splitting, each 
daughter-nucleus receives at the time of division two male and two female 
nuclear loops. In addition there have appeared many other recent works 
of value on the process of cleavage by Nvespava, Ravi, Cannoy, Bovent, 
PLATSER, and others. 

Witbin the last fow years Pr.0ann bas endeavored to prove by interesting 
experiments that gravitation exercises a determining influence on the position 
of the planes of cleavage. Bory, Bovx, and the author, on the contrary, 
thonght they were able to explain division from the organisation of the egg- 
cell itself, In the author's article, * Welchen Binfluse \ibt die Schwerkraft 
auf die Theilung der Zellen?” he recognised the causes which determine the 
various directions of the planes of division, (1) in the distribution of the 
Higher sez plasn od tha hesriae dextaplaem, and (2) in the influence which 

of the egg-plasm exercises on the position of the 
sere serie that which the position of the latter exercises upon the 
direction of the plane of cleavage. 


Scwmany, 


L, In the process of cleavage the internal and the external pheno- 
mena of segmentation are to be distinguished from each other. 

2. The internal phenomena of cleavage find expression in changes 
(a) of the nucleus, (4) of the protoplasm. 

$. The nucleus while in the process of division consists of a non- 
chromatic and a chromatic nuclear figure. The non-chromatic figare 
is a spindle composed of numerous fibres.. The chromatic figure is 
formed of bent, V-shaped nuclear filaments (chromesomes), which lie 
upon the surface of the middle of the spindle, At the two ends of 
the spindle there is found a special polar corpuscle [centrosome], 





THE PROCESS OF CLEAVAGE 73 


4 The division of the nucleus takes place in the following manner : 
the nuclear filaments split lengthwise, and their halves move apart 
in opposite directions toward the ends of the spindle, and are there 
converted into vesicular daughter-nuclei, 

5. The protoplasm arranges itself around the ends of the spindle 
in filaments having the form of a stellate figure (an aster), so that 
a double radiation or an amphiaster arises in the ogg. 

6, Tho external phenomena of cleavage consist in the division of 
the egg-contents into individual parts, the number of which corre- 
sponds to that of the daughter-nuclei. They exhibit various modifica- 
tions, which are dependent on the arrangement and distribution of 
tho ogg-plasm and the deutoplasm, as is to be seen from the fol- 
lowing schomo of segmentation. 


Scheme of the Various Modifications of the Process 
of Cleavage. 
I. Total Cleavage, (Holoblastic eggs.) 


‘The oggs, which for the most part are small, contain a small or 
moderate amount of deutoplasm, and are completely divided into 
daughter-cells. 


1. Equal Cleavage. 

‘This takes place in eggs with mengre and uniformly distributed 
dentoplasm (alecithal). By the process of cleavage thore are formed 
segments which, in general, are of uniform size. (Amphioxus, Mam- 
soalia.) 

2. Unequal Cleavage, 

‘This occurs in eggs in which a more abundant deutoplasm is un- 
equally distribated, being concentrated toward the vegetative pole, 
and in which tho cleavage-nuclous is located nearer the animal and 
more protoplasmic pole. Usually the segments become unequal in 
size only with and after the third act of division. (Cyclostomes, 
Amphibia.) 

TZ, Partial Cleavage. (Meroblastic eggs.) 


The eggs, which are often very large, ordinarily contain con- 
siderable quantities of deutoplasm. In consequence of the unequal 
distribution of this, the egg-contents are separated into a formative 
yolk, in which alone the process of cleavage is manifested, and a 
nutritive yolk, which remains undivided, and is used up during 
embryonic development for the growth of the organs. 
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1. Discoidal Cleavage. 


‘This takes place in eggs with nutritive yolk in a polar position 
‘The process of cleavage remains confined to the formative yoll 
necumulated at the animal pole, which has the form of a disc and 
contains only a small amount of deutoplasm. There is formed, con- 
sequently, a cellalar dise, (Fishes, Reptiles, Birds.) 


2. Superficial Cleavage 

This occurs in the case of eggs with central yolk, In typical 
cases the nucleus alone, which occupies the middle of the ogg, under- 
goes repeated division. The numerous daughter-nuclei which arise 
in this manner migrate into the layer of protoplasm which invests 
the central nutritive yolk, and the protoplasm is thereupon divided 
into as many segments as there are nuclei lying in it. There is 
formed a germ-membrane (Keimhant). (Arthropods.) 


7. Eggs with total cleavage are designated as holoblastic, eggs 
with partial cleavage as meroblastic. 

8. The direction and position of the first cleavage-plano are strictly 
conformable to laws which are founded in the organisation of the 
cell; they are determined by the following three factors ;— 

First factor, The cleavage-plane always divides the axis of tho 
nucleus which is preparing for division perpendicularly at its middle. 

Second factor. Tho position of the axis of the nucleus during 
division is dependent upon the form and differentiation of the en- 
veloping protoplasm. 

In a protoplasmic sphere the axis of the nuclear spindle, occupying 
the centre of the sphere, can lie in the direction of any radius what- 
‘ever; but in an oval protoplasmic body, only in the longest diameter. 
Tn a circular disc the nuclear axis lies parallel to its surface in 
any diameter of the cirele, but in an oval dise only in the longest 
diameter, 

Third factor, In the case of eggs of unequal segmentation, which, 
in consequence of their unequally distributed, polar deutoplasm, 
are geocentric, and therefore assume when in equilibrium a parti- 
cular position, the first two planes of cleavage must be vertical, and 
the third must be horizontal and placed above the equator of the 
sphere, 
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CHAPTER IV. 


GENERAL DISCUSSION OF THE PRINCIPLES OF DEVELOP- 
MENT. 


A spiPe principlé has exclusively controlled the embryonic pro- 
cesses hitherto considered. By means of the cleavage of the egg- 
substance, or cell-division, alone the originally simple elementary 
organism has been converted into a cell-colony. This presents the 
simplest conceivable form, inasmuch ns it is a hollow sphere, the 
wall of which is composed of one or several layers of epithelial cells. 
But the principle of cell-division is not adequate for the production, 
out of this simple organism, of more complicated forms with dissimilar 
organs, such as the adult animals are; farther progress in dovelop- 
ment can be bronght about from this time forward only by the 
supervention of two other principles, which aro likewise simple ; 
namely, the principle of unequal growth in » cell-membrane, and 
tho principle of the division of labour, together with the histological 
diffirentiation connected with it. 

Let us consider first the principle of unequal growth. When in a 
coll-membrane the individual elements continue to divide uniformly, 
the result will be either a thickening or an increase in the surface of 
the membrane, The former takes place when the plane of division 
has the same direction as the surface of the membrane, the latter 


cells, inasmuch 
only by mear 
that only such 


Jarger : and thicker-wal led hollow sphere of culls 
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‘The operation of an unequal growth of the surface produces quite 
another result. When in the middle of a membrane the cells of a 
single group within a short time repeatedly undergo “ division ” by 
vertical planes, they will be suddenly compelled to claim for themselves 
much greater surface, and they will consequently exert a vigorous 
pressure, due to growth, upon the cells in their vicinity, and will 
tend to push them apart, But in this case a separation of contiguous 
cells, such as takes place with gradual and uniformly distributed 
interstitial growth, will be impossible; for the surrounding cells, 
remaining in a passive condition, will constitute, as it wore, a rigid 
frame, a8 His has expressed it, around the extending part, which, in 
consequence of accelerated growth, demands an increased area, It 
must therefore secure room for itself in another manner, and increase 
its surface by abandoning the level of the passive part through 
the formation of a fold in vither one direction or the other. The- 
fold will be still further increased, and forced farther from the 
original level, if the incroased activity of the process of cell-division 
in it continues. Thus by means of unequal growth there has now 
arisen ont of the originally uniform membrane a new recognisable 
part, or a special organ. 

When the folding membrane encloses « cavity, as is the case with 
the blastula, there are feo case conceivable in the formation of folds, 
In the first place, the membrane may be folded into the interior of 
the body, = process which in embryology is called invagination or 
involution. Secondly, there may arise by evagination a fold, which 
projects free beyond the surface of the body, 

In the first case numerous variations in the details are possible, so 
that the most various orguns, as, ¢.g., the glands of the animal body, 
parts of the sensory organs, the central nervous system, ¢te., are 
formed, 

In the origin of glands # swall circumscribed circular part of « 
cellular membrane is infolded as « hollow cylinder (fig. 391 and *), 
towards the interior of the body, into the underlying tissue, and by 
continuous growth may attain considernble length, ‘The invagina- 
tion develops into either the tubular or the alveolar form of gland 
(Pieswaixc), If the glandolar sac possesses from its mouth to its 
blind end nearly uniform dimensions, we have the simple tubular 
gland (fig. 39),—tho sweat glands of tho skin, Linuen«oun's glands 
of the intestine, ‘The alveolar form of glind differs from this in that 
the invaginated sic does not simply increase in length, but expands 
somewhat at ite end (fig, 39°, d), while the other part remains 
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narrow and tube-like and serves as its duct (a), More complicated 
forma of glands arise, when the same processes to which the 

glandalar sac owes ita crigin are repeated on the wall of the sac— 

when on a small 

tract of it a more 

vigorous growth 

again takes place, 

and a part begins 

“ to grow out from 

the main tube as a 

* Jateral branch (fig. 

39 ? and *), By 

numerous repetitions 

of such evaginations, 

A) the originally simple 

ren pre st glands, tubular gland may 

1, Simple wbular gland; 3 brauchek tubwlae gland; 8 acquire the form of 

branched tubalar gland with anastomosing twancbes ; a much - branched 


4 and 6, slinple miveolar glands; a, dact ; ab, vesicular 
eblargemont ; 6, branching alveolar gland, tree, upon which we 
distinguish the part 

formed first as tronk, and the parts which bave arisen by outgrowths 
from it as chief branches and branchlets of first, second, third, and 
fourth order, according to their ages and corrolated sizes, According 
asthe lateral outgrowths romain tubular or become onlarged at their 
tips, there arise either the compound tubular 
glands (fig. 39 *) (kidney, testis, liver), or the & es 
compound alveolar glands (fig. 39%) (sebaceous 
glands of the skin, lungs, ete.). 

Again, the invaginating part of an originally 
flat membrane assumes other forms in the pro- 
duction of sense organe and the omtral nervous TE Sperm ae 
system. For example, the part of the organ of | @y-resicle. 
Banilig which beare tha carve termination— “ieentireisns i 
the membranous labyrinth—is developed out of SD Uy & Prose ol 
d’amall tract-of the curface of the body, which  fommevaseeers 
becomes depressed into a small pit (fig. 40) in thevate germs tare’ ty 
consequence of its acquiring an extraordinary of epitheliam, 
yigor in growth. The edges of the auditory 
pit then grow toward one another, so that this is gradually con- 
verted into a little sac, which still opens out at the surface of the 
body by means of a narrow orifice only (fig. 40 a), Finally, the 





OENEMAL DISCUSSION OF THE PRINCIPLES OF DEVELOPMENT, 79 


narrow orifice closes, Out of the auditory pit there has arisen a 
closed auditory sac (+), which then detaches itself completely from ite 
parent tissue, the epithelium of the surface of the body, Afterwards, 
simply by means of the unequal growth of ite different regions, by 
means of constrictions and various evaginations, it acquires such an 
extraordinarily complicated form, that it has justly received the 
name of membranous labyrinth, as will be shown in detail in another 
chapter. 

The development of the central nervous system may serve as 
the last example of invagination, Spinal cord and brain take their 
origin at an early epoch from the layer of epithelial cells which limita 
the outer surface of the body of the embryo. A narrow band of thie 
epithelium lying along the axis of the back becomes thickened, and is 
distinguished from the thinner part of the epithelium, which produces 
the epidermis, os the medullary plate (fig. 41.A mp), Inasmuch as 
the plate grows more rapidly than its surroundings, it becomes in- 
folded into a gatter which is at first shallow, the medullary groove. 
‘This beeomes deeper as a result of further increase of substance. At 
the same time the edges (fig. 41 B m/f), which form the transition 
from the curved medullary plate to the thinner part of the cellular 
membrane, become slightly elevated above the surrounding parts, and 
constitute the so-called medallary folds. Subsequently these grow 
toward each other, and become #0 apposed that the furrow becomes 
a tube, which still remains temporarily open to the outside by means 
of & narrow longitudinal fissure. Finally, this fissure also disappears 
(Big. 41 0) ; the edges of the folds grow together ; the closed medullary 
tube (7), like the auditory vesicle, then detaches itself completely 
slong the line of fusion (suture) of the cell-membranes of which it 
was originally a component part and becomes an entirely independent 
organ (n). 

‘Let us now examine somewhat more closely the mechanism of tho 
fusion and detachment of the neural tube. 

The two medullary folds are cach composed of two layers, which 
are continuous with each other at the edge of the fold,—tho thicker 
medullary plate (mp), which lines the furrow or tube, and the thin- 
ner epidermis (ep), which has either a more lateral ora more super- 
ficial position. When, now, the folds come into contact, they fase, 
not only along a narrow elge, but over so extensive a tract that 
epidermis is joined to epidermis, and that the edges of the medullary 
plate are joined to each other. The medullary tube thus formed, 
and the continuous sheet of epidermis that stretches across it, are by 
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means of an intermediary cell-mass still in continuity along the suture 
produced by the concrescence. Dut a separation soon takes place 
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Fig. 41—Oross sections through the dorsal halves of three Triton larvm, 
‘Crows section through an erg in which the medullary folis (if) begin to appear, 


wrneal Layer 
‘esl of Uns leper siyer} & lnder qeemeiager | wah; ervigatipebaiiive segment, 


along this line, inasmuch as the intermediary band of substance 
becomes narrower and narrower, and one part of it unites with the 
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epidermis, whilp the other part ix annoxed tothe medullary tube. Thus 
in the formation of the suture processes of fusion and of separation 
occur almost simultancously, a condition which often recurs in the 
case of other invaginations, as in the constricting off of the auditory 
vesicle, the vesicle of the lens, ete. 

The neural tube having once become indep=ndent is subsequently 
segmented in manifold ways by the formation of foldings, in conse- 
quence of inequalities in the rate of surface growth, especially in its 
anterior enlarged portion, which becomes the brain. There are 
formed out of this hy means of four constrictions five brain-vesicles, 
which lie in succession one after 
another; and of these the most an- 
terior, which becomes the cerebrum 
with its complicated furrows and con- 
volutions of first, second, and third 
order, serves as a classical example 
when one desires to show how a 
highly differentiated organ with com- 
plicated morphological conditions may 
originate by the simple process of 
folding. 

Tn adiition to invagination the second z ‘ = 
method in the formation of foltls, vig. 42.—Disgram of the formation ot 
which depends upon a process of eva- Perper Piecaet nats 
gination, plays a no less important ‘or witted villos; 6, aliaple yaya 
part in the determination of the te snpativetique core of which 
form of animal bodies, giving rise to 
protuberances of the surface of the body, which may likewise 
assume various forms (fig. 42). As a result of exuberant growths 
of small circular territories of a ccll-membrane there arise rod- 
like elevations, resembling the papille on the mucous membrane 
of the tongue (c), or the fine villi («)in the small intestine (villi 

~ intestinales), which are so closely set that they give a velvety ap- 
pearance to the surface of the mucous membrane of the intestine, 
Just as the tubular glands may be abundantly bran: hed, so tufted 
villi are here and there developed out of simple villi, sinc» local 
hecelerations of growth cause the budding-out of lateral branches of 
a second, third, and fourth order (fig. 42 4). We reeall the external 
tufted gills of various larvm of Fishes and Amphibia, which project 
out from the néck-region free into the water, or the villi of the 
chorion tn Mammals, which are characterised by still more numerous 
6 
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teanchings. The formation of the limbs is also referable to such 

cis seuieleani ert 

Stance hdc the membrane takes place along a lino, 
ridges or folds directed outward, such as 


From the examples cited it is clearly to be seen how the greatest 
variety of forms may be attained by the simple means of invagina- 
tion and evagination alone. At the samo time, the forms may be 
modified by two processes of subordinate importance, by separations 
and by fusions which affect the cell-layers, Vesicular and sac-like 
cavities acquire openings by the thinning out of the wall at a place 
where the vesicle or sac lies near the surface of the body, until there 
is « breaking throngh of the separating partition. ‘Thus in the 
originally closed intestinal tube of Vertebrates there are formed the 
mouth-opening and the anal opening, as well as the gill-clefts in 
the neck-region. 

The opposite process—fusion—is still more frequently to be 
observed. It allows of a greater number of variations. We have 
slrendy seen how the edges of an invagination may come in 
contact and fuse, ns in the development of the auditory vesicle, 
the intestinal canal, and the neural tube. But concrescence may 
also take place over a greater extent of surface, when the facing sur- 
faces of an invaginated membrane come more or less completely into 
contact, and so unite with each other as to form a single cell-mem- 
brane. Such a result ensues, for example, in the closure of the 
embryonic gill-clefts, in the formation of the three semicircular 
canals of the membranous labyrinth of the ear, or, as a pathological 
process, in the concrescence of the surfaces of contact of serous 
cavities. Moreover fasions may tako place between saes which come 
in contact with thoir blind ends, as very often occurs in the eom- 
pound tubular glands (fig. 39%), Of the numerous lateral branches 
which sprout out from the tubule of a gland, some come in contact 
at their ends with ny ighboring branches, fuse with them, and 
establish an open communication with them by the giving way 
of the cells at the place of contact. It is by this means that 
Inanched forms of tubular glands pass into the net-like forms to 
which the testis and the liver of Man belong. 

In addition to the formation of folds in epithelial layers, which 
undor a great yaricty of modifications determine in general the 
organisation of the animal body, there were mentioned, as a second 
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developmental principle of fundamental significance, division of labor 
and the histological differentiation associated with it. Tn order to 
understand folly the significance of this principle in development, 
‘we must proceed from the thesis that the life of all organic bodies 
expresses itself in a series of various duties or functions. Organisms 
take to themselves substances from without ; they incorporate in their 
bodits that which is serviceable, and eliminate that which is not 
(fonction of nutrition and metastasis); they can alter the form of 
their bodies by contraction and extension (function of motion); they 
arecapable of reacting upon external stimuli (function of sensibility) ; 
they possess the ability to bring forth new organisms of their own 
Kind (function of reproduction). In the lowest multicellular organisms 
wach of the individual parts discharges in the same manner as the 
others the enumerated functions necessary for organic life; but the 
more highly an organism is developed, the more do we see that its 
individual cells differentiate themselves for the duties of life,—that 
some assume the function of nutrition, others that of motion, others 
that of sensibility, and still others that of reproduction,—and that with 
this division of labor is likewise joined a greater degree of com- 
pleteness in the execution of the individual functions. The 
development of a specialised duty likewise leads invariably to an 
altered appearance of the cell; with the physiological division of 
labor there always goes hand-in-hand a morphological or histological 
differentiation, 

Elementary parts which are expecially concerned in the duties of 
nutrition are distinguished as gland-cells; again others, which have 
developed the power of contractility to a greater extent, have 
Teoome muscle-cells, others nerve-cells, others sexual colls, ete, ‘The 
cells which are concerned in one and the same duty are for the most 
part associated in groups, and constitute a special tinue. 

‘Thus the study of the embryology of an organism embraces chiefly 
two elements: one is the study of the development of form, the 
second the study of histological differentiation. We may at the 
same time add that in the case of the higher organisms the morpho- 
logical changes are accomplished principally in the earlier stages of 
development, and that the histological differentiation takes place in 
the final stages 

A knowledge of these leading principles will materially facilitate 
the comprehension of the further processes of development, 





CHAPTER V. 


DEVELOPMENT OF THE TWO PRIMARY GERN-LAYERS, 
(GASTREA-THEORY.) 


Tar advances which are brought about during the hext stages in 
the development of the blastula depend primarily upon proceases of 
folding. By these means there arise larval forms, which are at first 
composed of two, and afterwards of four epithelial membranes, or 


gero-layers, 
The larval form which is composed of two germ-layera ‘a called the 
gastrula. Tt possesses an important developmental 
because, as Harcxen bas shown in his celebrated Gastrea-Theory, 
it is to be found in each of the six chief branches of the animal 
kingdom, and thus furnishes.a common starting-point from which 
along diverging lines the separate animal forms may be derived. 
As with blastule, so in the case of the gastrula four different 
kinds can be distinguished, according to the abundance and the 
method of distribution of the yolk. Starting from a simple funda- 
mental form, three further modifications have arisen, all of which, 
A with the exception 
i of a ringle one which 


tered within 
phylum of Verte- 


(fig. 43). At one place, which may be designated as the vegetative pole 
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(VP), the cells (vz) are somewhat larger and more turbid, owing to 
the yolk-granules lodged in them. The process of the formation of 
the gastrula commences at this place. The vegetative surface begins 
at first to be flattened, and 

then to be pushed in toward 

the middle of the sphere. 

By the advance of the 

invagination the deprossion 

grows deeper and deeper, 

while the cleavage-cavity be- 

comes to the same degree 

diminished in size, Finally, 

the invaginated portion (fig. 

44 ik) comes in contact with y : 
the inner surface of the un- ig. 44 —Gastrula of Amphionus lanceslatua, after 
invaginated fon (ak) of HATIONEK. . 
the blastula, eae = Praca abner soferclacy hae +s 
obliterates the cleavage 

cavity. As o result there has been formed out of the hollow 
sphere with a single wall a cup-shaped germ with double walls— 
the gastrala, 

‘The cavity of the gastrula, which results from the invagination and 
is not to be confounded with the cleayage-cavity which it has sup- 
planted, is the primitive intestine (archenteron) (ud), or the intestino- 
body cavity (culentoron). This opens to the outside through the 
primitive mouth (mouth of the archenteron, blastopore) (1), 

Thasmuch as the names primitive intestine and primitive mouth 
might ensily give rise to erroneous conceptions, let it be remarked, in 
order to preclude from the start such an event, that the cavity and 
its external opening which ariso by this first invagination are not 
equivalent to the intestine and mouth of the adult animal. The 
arebenteron of the germ, it is true, furnishes the fundament for the 
intestinal tube, but there are also formed out of it a number of other 
organs, the chief of which are the subsequently formed thoracic and 
abdominal cavities. The future destination of the cavity will there- 
fore be better expressed by the term “orlenteron." Finally, the 
primitive mouth is only an evanescent structure among vertebrated 
animals; later it is closed and disappears without leaving a trace, while 
the permanent or secondary mouth is an entirely new stracture, 

‘The two cell-layers of tho cup, which are continuous with each 
other at the edge of the blastopore, are called the tio primary 
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germ-iayers, and are distinguished according to their positions as the 
outer (ak) and the inner (ik). Whereas in the blastula the individual 
cells differ only a little from one another, with the process of gastru- 
lation a division ot labor begins to assert itself, a fact which may 
be recognised in the case of the free-swimming larve of Inver- 
tebrates. The outer germ-layer (ak) (also called ectoblast or ectoderm) 
serves as a covering for the body, is at the same time the organ of 
sensation, and effects locomotion when cilia are developsd from the 
cells, as is the case with Amphioxus, The inner germ-layer (ik) 
(entoblast or entoderm) lines the celenteron and provides for nutri- 
tion. The cell-layers thus stand in contrast to each other both as 
regards position and function, since each has assumed a special duty. 
In view of this fact they have been designated by C. E. von BAzE 
as the two primitive oryans of the animal body. They present us 
with a very instructive, because very simple, illustration of the 
manner in which two organs originate from a single fundament. 
By invagination the undifferentiated cells of the surfuce of the 
blastula are brought into different relations to the outer world, and 
have consequently been compelled to follow different courses in their 
development, and to adapt themselves to special duties corresponding 
to the new relations. 

The separation of the embryonic cell-material into the two primi- 
tive organs of von Baer is of decisive significance for the whole 
subsequent course of the development of the individual cells. For a 
very definite portion of all the ultimate organs of the body is refer- 
able to each of the two primitive organs. In order to put this im- 
portant condition in the proper light at once, let it be stated that the 
outer germ-layer furnishes the epithelial covering of the body, the 
epidermis with the glands and hair, the fundament of the nervous 
system, and that part of the sense organs which is functionally most 
important. On this account the older embryologists imposed upon it 
the name of dermo-sensory layer. The inner germ-layer, on the 
contrary, is converted into the remaining organs of the body—into 
the intestine with its glands, into the body-cavity, into the muscles, 
ete. ; by far the greater mass of the body, therefore, is differentiated 
out of it, and it has to pass through the most numerous and the most 
trenchant metamorphoses.* 

* The practice of distingaishing the outer and the inner germ-layers as animal 
and vegetative, which was formerly in vogue and is followed even now, is not 


proper, and ought therefore to be given up. For the transversely striped muscu- 
lature of the body, which belongs to its animal organs, does not arise from 
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Larval forms quite like that of Ampbioxus have also been observed 
in the case of Invertebrates belonging to the phyla of Calenterate, 
Echinodermata, Vermes, and Brachiopoda, Kor the most part they 
quit the egg-envelope, even in the gastrala stage, to swim about in 
the water by means of their cilia; and they can now take nutritive 
substances—smwall infusorin, alge, or remnants of larger animals — 
through the primitive mouth 
into the digestive cavity, and 
muke use of them in the fur- 
ther growth of their bodies, 

Likewisn the substances 

which are not serviceable be- 

cause indigestible are ejected 

from the body through the 

same orifice, In the case 

of the higher animals the 

ingestion of food is not only 

impossible at this time, but 

also superfluous, because the 

egg and the embryonic cells Tig: 4—Blastule of Triton teniatus, 
arising from it’ still contain Perenermiy ite, yolkvoulis; rm, marginal 
yolk-grannles, which are 

gradually consumed. 

‘The medifications which gastrulation tendergoea in the Amphibia aro 
vasily referable to the simpler conditions in Amphioxus, In the case 
of the Water-Salamander, which is to serve as an illustration in 
this description, one half of the blastula (fig. 45), which is called 
the animal half, is thin-walled and composed of small cells, which 
lie in two or three layers one above another, and in the case of 
the Frog contain black pigment. The other, or vegetative half (ds), 
exhibits « greatly thickened wall, composed of much larger, moro 
Aeutoplasmic, polygonal eels (d2), which, loosely associated in several 
layers, cause a protuberance into the cavity (fA) of the blastula, 
which is proportionally diminished in size. Where the differentiated 
halves moet, a transition is effected by means of cells, forming what 
Goxrre has designated marginal sone (rz). Inasmuch as the specific 
gravity of the animal half is much less than that of the opposite 
half, it is without exception directed upward in water, ‘Tho former 
the oster germ-layer, as, in consequence of false observations, was formerly 
Delieved, bat rather from the primary inuer germ-layer, as has now been esta- 
Biished by many observations, 





constitutes the thinner roof, the latter the highly thickened floor, of 
the excentrically placed cleavage-cavity. 

When the gastrula begins to be developed, the invagination 

takes place on one side in the marginal zone (fig. 46 u), and ix 

distinguishable externally by means of 

® sharp, afterwards horseshoe-shaped 

furrow, which is bounded on one sido 

by small cells, which in the case of 

the Frog contain black pigment, on 

the other side by large unpigmented 

elements, At the fissurelike blasto- 


‘Fig. 46. Egg of Triton, which is 
developing inte a gastrula, seen 
‘from the surface. 

% Primitive mouth (blastopore), 


pore there are infolded into the interior 
of the blastula (fig. 47 u) along ite 
dorsal lip: (dl) small cells, along its 
ventral lip (vt) the large deutoplasmie 


wlements of the vegetative half; the 
former constitute the roof, the latter tho floor, of the ewlenteron (wd), 
The latter appears in the first stages of the invagination simply as 
a narrow fissure alongside the capacious cleavage-cavity (fh); soon, 


however, it causes @ com- 
plete obliteration of this 
cavity, the fundus of the 
invagination becoming 
enlarged into a broad 
sac, while the entrance 
always remains narrow 
and fissurelike, Since 
tho calenteron of the 
Amphibia was first ob- 
served by tho Italian 
investigator, Ruscont, it 
is ordinarily mentioned 
in the older writings as 
Ruscont's digestive 


eae ree oar 
“of Triton at th beginning of gastrulation, 

ok, Outer germ-layer ; it, toner gorm-layer ; JA, cleavages 
favity; wi, omlenteron ; w, blastopore ; as, yolk 


aay, and’ the blasto- ella; di and et, dorm and ventral liye of the 
pore likewise as the canlenteron, 


Ruscontay anus, 

At the closo of the process of invagination the whole yolk-mass, or 
the vegetative half of the blastula, has been taken into the interior 
to form the lining of the colenteron, being at tho same time over- 
grown by a layer of small cells (fig. 48). In the case of the Frog the 
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whole surface of the germ, with the exception of a small place about 
as large as the head of a pin, which corresponds to the blastopore, 
now appears black, because the small cells are deeply pigmented. At 
the place excepted a part of the unpigmented yolk-mass protrudes 
through the blastopore 
and closes the entrance to 
it as if with a stopper (d), 
by reason of which it 
bears the significant name 
of vitelline plug. 
Of the two germ-layers 
of the gustrula the outer 
subsequently becomes re- 
dluced in thickness in the 
case of the Water-Sala- 
mander to a single layer aia 3 
of regularly arranged gig, section thrasgh an ogg of Triton after 
cylindrical cells, whereas ‘ ‘gastrulation, 
in the case of the Frog it “Sip thatiememiaes SY “aloe Dives 
is composed of two or 
three layers of small, in part cubical, deeply pigmented elements, 
‘The inner yerm-layer in the roof of the calenteron likewise consists of 
small (im the Frog, pigmented) cells, but in the floor it is composed 
of large yolk-cells, which, heaped together in many layers, pro- 
duce an elevation that projects far into the eclenteron and partly 
fills it. For this reason the gastrula in Amphibia is compelled 
to adopt in water a definite position of rest, because the yolk-mass, 
being the heavier part, always assumes the lowest position (fig. 48), 
The germ of the Amphibia is already a bilaterally symmetrical 
body. The thickenod, yolk-containing wall of the gastrula becomes 
the venteal side of the adult animal; the opposite wall, or roof of 
the celenteron, becomes the dorsum. The blastopore indicates, as 
the sequel shows, the posterior end, the opposite part the head-end. 
‘There may therefore be passed through the gastrula a longitudinal, 
@ doreo-ventral, and a transverse axis, which correspond with the 
‘axes of the adult animal, This bilateral symmetry, which appears 
60 early in the Amphibia, is solely attributable to the accumulation 
of yolk-material, and to the piling up of it on the ventral side of the 
colenteron, 
‘The development of Amphibia furnishes us with a transitional 
sondition, which ix serviceable for the comprehension of the much 
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more highly altered form which the gastrule acquires in the case of 
eggs with partial cleavage in the classes of Selachii, Teleoste, Reptiles, 
and Birds. 

The conditions are the most readily intelligible in the caso of the 
Selachians. That which we have described in the blastula of the 
Amphibia as the roof of the cleavage-cavity is in the blastula of 

the Selachians a 
etn small dise of em- 
bryonic colle (fig. 
49 ks), continuous 
at its margin with 
the —_ extraordi- 
narily voluminous 
yolk -mass (ih), 
which contains 


Amphibia, and, like the latter, forms the floor of the cleavage-cavity 
(8), Germ-dise and yolk thus together constitute a sac with an 


‘hrough a germ-dise of Pristiurua, in which the gastrular invagination, 


 10---Median section 

"pas begun, after Rijoxea. 

Wt, Pirat rudiment o€ the easlenteron age-cavity ; at, 

yolk: pf, coarsely granular yolk 5 i, front and bind taargins of tive germline, 


almost obliterated cavity (2), and with walls differing in thickness 
and in differentiation, A very small part of the wall, the germ-dise, 
consists of cells, The much larger and thicker portion is yolk-mass, 
which in the vicinity of the cavity contains nuclei, but is not divided 
into cells, 

As in the Amphibia, so here, the gastrulation begins at what 
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is subsequently the hind end (4) of the embryo, at a region in the 
zone of transition or margin of the germ-dise, in which the most 
superficial cells have assumed the cylindrical form, and are clos:ly 
Joined together (fig. 49). The margin of the dise is folded in 
(fiz. 50) toward the cleavage-cavity (2), so that a small celon= 
teron (ud), shown in the accompanying section, and a fissure- 
like blastopore are distinctly recognisable. The neighboring yolk 
also participates in the invagination, since in the territory of 
the zone of transition the yolk-nuclei (dk), enveloped in protoplusm. 
become detached from the yolk, grow into the cleavage-cavity along 
with the invaginated cells, and contribute to the formation of the 
inner germ-layer in a similar manner to that in which, in the case of 
the Amphibia, the vegetative cells at the Jower lip of the blastoporo 
are carried in with the invagination into the cleavage-cavity. The 
cleavage-cavity (2) is being continually encroached upon by the in- 
growth of the cells originally in its roof, which form a continuous 
layer projecting from behind forward. Consequently in the Sela- 
chians also the germ-dise becomes two-layered as the result of the 
invagination. Tt lies so close upon the yolk, that the colenteron 
appears at most as a fissure. Moreover, the invagination in the 
Selachians docs not remain limited to one region of the original 
margin of the germtisc, but soon stretches itself out over its whole 
posterior perimeter, Tho blastopore then appears asa large semi- 
circular or horseshoe-shaped fissure at the future posterior end of the 
embryonic fundament. 

The enormous volume of the yolk causes an important difference 
between the gastrulation of the Selachiiand that of the Amphibia. 
Tn the case of tho latter the mass of the yolk-cells was quite rapidly 
carried in with the invagination, and employed in the formation of 
the ventral wall of the corlenteron. In the Selachians the taking 
up of the yolk into the interior of the body ensues only at a slow 
rate (in a manner to be more accurately explained later), so that for 
n long time only the dorsal side of the gastrula consists of two cell- 
layers, whereas the ventral wall is formed by the yolk-mass, 

‘The eggs of Teleosts are very nearly related to those of Selachians 
in their whole method of development. The same cannot be said 
to be true to the same extent for the eggs of Reptiles and 
Birds, ‘The Inter, indeed, also belong to the meroblastic type, 

sines they have developed a slack amount of yolk, and in eonsequence 
undergo partial segmentation; but in the formation of the germ- 
lnyers, they exhibit many peculiarities, so that they require a separate 





treatment. In Birds and Reptiles the investigation is accompanied 
with greater difficulties than in the Selachiana Particularly the 
development of the germ-layers in the Chick, notwithstanding the 
fact that the best investigutora have given it their attention, has 
for a Jong time been the subject of very divergent descriptions, At 
the present moment, however, the main facts in the case have been 
established for the Bird's egg also by the very recent and excellent 
work of Duvat, and upon this as a basis the gastrulation in Birds is 
easily to be correlated with that of the Vertebrates hitherto described. 
Since the Bird's egg has played such an important réle in the history 
of embryology, and has even been called a classical object for investign- 
tion, it appears necessary to go briefly into the conditions which it 
presents in the gastrula-stage, and in connection therewith to consider 
some of the important results drawn from the study of the eggs of 
Reptiles. 

‘The blastula arises and the germ-layers begin to be developed out 
of it while the Bird's egg tarries in the terminal region of the 
oviduct, 

‘The blastula arises in a manner which was first correctly described 
by Dovat. When by the process of segmentation a small disc of 

cells has been formed, 

wee fh wd there “appsare (fa, Alte 

latter a narrow fissure, 

the cleavage-cavity (fig. 

51 fh), and the cell- 

material is separated 

into an upper layer (de) 

and « lower layer (vw), 

whick are continuous 

Fig, §1.—Section through the germ-dise of a freshly laid With each other at the 
unfertilised Hen's egg, after Dovat, _ margin of the dise, ‘The 
aS owaitheeaietene” aid upper layer consists of 
fully isolated cleavage. 

spheres, which are flattened at their surfaces of contact and arranged 
into an epithelium-like layer, They correspond to the thin-walled 
half of the blastula in Triton (fig. 45), which has already been 
designated as the unimal half, The lower layer is composed of 
larger cleavage-spheres, which are still in great part continuous 
by means of their lower halves with the white yolk (wd), which 
is spread out beneath the germ-dise and is known as Paypen’s 
nueleus, Yolk-nuclei (merocytex) are also found here in great 
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numbers, especially around the whole periphery of the germe-dise. 
Since they increase in number by nuclear division, and since 
some of them,enveloped in protoplasm, become detached from the 
yolk, they contribute to the continuous growth of the germ-diso, a 
process which has already (p. 65) been described as supplementary 
cleavage. The lower cell-layer, together with the whole yolk-mass 
with ite free nuclei, must be compared to the vegetative half of the 
blastuln of Triton (fig. 45 d=). 

The gastrulation proceeds from the posterior margin of the germ- 
dise, and begins even some time before the egg is laid. The study 
of it is coupled with great difficulties, and demands, mest of all, 
that, in the investigntion of the dise by means of sections, one should 
be accurately informed concerning the position of its anterior and 
posterior margins. The orientation is essentially facilitated by the 
fact that, in the case of every Hen’s egg, with rare exceptions, the 
side toward which the front end of the embryo is directed can be 
stated accurately before opening the shell. This results from the 
following rule established by Kurrrna, Koucen, Gentacn, and Dovar 

When one so places an egg in front of him that the blunt pole is 
turned to the loft, the more pointed one to the right, then a line 
uniting the two poles divides the germ-disc into @ half on the side 
toward the observer, which becomes the hind end of the embryo, and 
n forward half, which is developed into the head-end. By taking 
into account this role, one can establish a difference on the gorm- 
dise even during the process of cleavage. Tn the anterior region the 
cleavage takes place moro slowly than in the posterior half. Con- 
sequently larger embryonic cells aro found in front, smaller and 
more numerous ones behind (Oxtiacnen, Kouriken, Devan). 

‘The difference between anterior and posterior becomes more evident 
ot the beginning of gastrulation. If one now examines carefully the 
thickened margin of the germ-dise (Randwulst of German writers, 
hourrvlet blastodermiquo of Duvat), it is seen that the disc is limited 
in front and on the sides by a notched and indistinct boundary, 
hut behind, on the contrary, by « sharper contour. The latter 
is cnnsed by the fact that the marginal ridge, in consequence of a 
more vigorous growth of the cells, has become thickened and more 
opaque, and has assumed a whiter colour, It is distinctly recognisable 
from its surroundings as a whitish crescentic figure (fig. 52 4 »). 
Often there is also observable in the crescent a narrow furrow, the 
‘erescentic groove (Sichelrinne, Kontee), by means of which the germ- 
dise acquires a still sharper limitation behind. 
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Dovat has proved by means of sections, part of which was made in 
‘4 transverse direction, and part in the sagittal, that the Bird's egg is 
how in the gastrula stage. geste tm 


Se jul ise cad pedis ushighhaie wuee 
&, Yolk ; Leth, geemo~tiee ; 4, crescent ; and #, anterior and posterior margins of the germ-<dise, 


Rous. 
Bs, shield ;, cresownt ; ab, Axnob of the erescent ; ¥ and J, 
anterior and posterior margins of the gernvdles. 


sections, figs, 53. and 54, As ix to be seen at once in fig. 53, which re- 
presents the somowhat younger stage, the erescentic groove deseribed 
‘as eccupying the posterior part of the marginal ridge (of) is continued 
in the form of a narrow fissure (td), Whereas in the blastula stage 
(fig. 51) the lower cell- 
layer passed over con- 
tinuously into the white 
yolk, it ix now sharply 
separated from it as far 
as the fissure extends 
In fig. 53 this separation 
has been comploted only 
in the posterior half of 
the germ-dise; in the 
anterior half, on the con- 
trary, embryonic cells 
ah On a a meager bevdieitipelleatanr (dk) and yolk are still 
my aphrodisiac continuous, However, 
in the somewhat older 

stage (fig. 54) the connection is terminated in this region also, 

Ay the fissure (wd) has extended itself nearly to the anterior 
margin of the dise (er), In consequence of this process the part of 
the white yolk which lies beneath the fissure has become destitute of 
cells and nuclei, with the exception of the marginal territory, where, 


Metud ot ik wt de a 
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especially behind (Af) the erescentic groove, free nuclei are constantly 
to be found keeping up the supplementary cleavage, 

Owing to the appearance of the new fissure (subgerminal cavity) 
(fig. 53 ud), the cleavage-cavity (fig, 51 sh) is almost completely 
obliterated, The two cell-layers of the 
binstula-stage (fig. 51 dw, ow), described as 
lying one above and one below the cleavage. 
cavity, have come close together (figs. 53 
and 54), being separated from each other 
by only a narrow fissure. In the upper 
layer (ak) the cells have assumed a cubical, 
and at a somewhat later stage a cylindrical, 
form, and constitute a compact epithelial 
membrane. The lower layer (ik) is composed 
of larger roundish and loosely arranged cells 
in several layers. The former is the primary 
outer germ-layer, the latter the inner layer, 
Tn the region of the posterior manginal 
ridge (el), where the cells are at the same 
time engaged in more active proliferation, 
the two Isyers ary continuous with each 
other. 

‘The highly important processes, by means 
of which sre produced the conditions repre- 
sented in figs. 53 and 54, present many points 
of comparison with the gastrulation of the 
Selachians and Amphibia. We can conceive 
that the newly appearing fissure has arisen, 
as in the case of the germ-dise of Pristiurus 
(fig. 50), by an infolding, in such a way that, 
as in the former case, cells grow inward from 
tie posterior marginal ridge; and that at 
the same time, at the deep part of the in- 
vagination, the cells which are originally 
continuous with the yolk (fig. 53 dk) detach 
themselves from the latter, and are employed for the increase of the 
inner germ layer. 

Tf this explanation is correct, the fissure (ud) which now exists be- 
tween the inner germ-layer and the floor of the yolk corresponds to 
the calenteron, as Gorrre and Ravuven have already remarked, and 
ne Devat has for the first time demonstrated; moreover, the cres- 
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centic groove (fig. 52 s) corresponds to the blastopore; the thickened 
portion of the marginal ridge (fig. 53 ef) which lies in front of the 
crescentic groove, within whose territory the two primary germ- 
layers are continuous with each other, is the anterior or dorsal lip of 
the blastopore ; and the yolk (Al) which lies behind the crescentic 
groove, and which at this early stage contains numerous free nuclei, 
may be designated as the posterior or ventral lip of the blastopore. 
The develop. 
¥ ment of the 
celenteron is 
the cause ~ of 
the gradual re- 
duction of the 
cleavage - cay- 
ity, and of its 
persisting only 
as a narrow fis- 
sure separating 
the primary 
gorm-layers. 
‘The points of 
comparison 
with the gas- 
trula of Triton 
(fig. 47) are 
Z made evident 
as soon as we 
iy ko pales arene opens meee “aa Feplace the 
bryonic shield, V, anterlor, 1, posterior end. mass of yolk- 
cells with an- 
segmented yolk, and imagine nuclei imbedded in the latter in the 
region of the ventral lip of the blastopore, 

Through the exposition given by Duyat, it appears to me that the 
contest concerning the origin of the two primary gorm-layers in 
Birds has been huppily settled, For a long time there have existed 
on this very question two irreconcilable views. 

According to the older view, to which many investigators still cling, 
the germ-dise which results from the process of cleavage is divided by 
fission into an upper and a lower layer (Paxpen, vos Barr, Remak, 
Koutien, Hrs, and others). According to the other one (HABCKEL, 
Goerrr, Ravorn, Dovat, and others), the lower layer has arisen by 
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an infolding. Only by means of the theory of infolding can be ex- 
plained the different conditions of the anterior and posterior margins 
of the germ-ise, the more active cell-growth in the territory of the 
crescent, the existence of a crescentic groove, and the continuity 
of the two primary germ-layers which is demonstrable in that 
region. Only by means of this theory, finally, is the relation of 
Birds to the lower classes of the Vertebrates made possible. 

The discoveries which Kuprrer uxp Benecke have made in their 
investigations of Reptiles, which are so closely related to Birds, also 
contribute to the elucidation of the pending controversy. In the case 
of Lacerta agilis (fig. 55), Emys europea, ete., there is found, as in 
the case of the Hen at a corresponding stage of development, at the 
boundary of the pellucid and opaque areas of the posterior end of 
the germ-dise, an exuberant cell-growth in the form of a crescent (8), 
In the middle plane and slightly in front of this crescent there is 
to be soen a amall, transversely placed, fssuretike opening (), which 
Toads into a Wind sac and is comparable to the crescentic groove. 
Korrren rightly interprets the opening as the blastopore, which is 
enclosed between an anterior and a posterior lip, and the cavity us 
the celenteron, He also draws a comparison between the corre- 
sponding structures in Birds and Reptiles.* 

Let us now direct our attention to the succeeding developmental 
stages of the germ-dise of the Chick. These consist, chiefly, in 
@ constant increase of the superficial extent of the disc. 

Tn the freshly laid, unineubated egg (fig. 54) the outer germ-layer 
{akt) is composed of a single sheet of closely united cylindrical cells ; 
the inner lnyer (i), on the contrary, consists of a two-layered to 
three-layered bed of somewhat flattened elements, which are only 
loosely associated. 

‘Under the influence of incubation the superficial extension of the 

lise makes rapid advances (fig, 56). In this process the outer 
germ-layer (ak) outstrips the inner, and terminates in a region of the 


* In the interpretation of the manner in which the invagination takes place 
In the case of the eggs of Reptiles and Birds, 1 differ {rom other investigators 
who also maintain that a gastrulation takes place (GoeTTE, Harckrt, 
Taveer, BAtvour, and others). Whey regard the whole margin of the germ- 
disc ns the blastopore, at which the outer germ-layer bends over to become 
‘continaous with the inner layer. According to my interpretation, the invagina- 
‘tion occurs at a small circumscribed place of the margin, The biastopore is 
from the beginning surrounded by cells both on its anterior and its posterior lip, 
‘The relation of the blastopore as well as that of the germ-layers to the yolk 
‘will be more fully dealt with hereafter, 

7 





yolk where the Intter 
bas not yet undergone 
division into entodermic 
cells, In the form of 
its cells it is, in every: 
vespect, in sharp con- 
trast with the inner 
layer. While the ecto- 
dermic cells (fig. 56 ak) 
attain their greatest 
height in the middle 
of the germ-disc, they 


transition into cubical 
and finally into flat 
tenod elements (fig. 57). 
‘The reverse is the case 
with the inner germ- 
layer; the latter has 
now become converted in 
the middle of the germ~- 
diso (fig. 56 sk) into a 
single layer of much 
flattened scale-like cells, 
which are closely united. 
into « thin membrane. 
Toward the periphery 
they become somewhat 
larger and more poly- 
gonal (fig, 57), and here, 
at some distance inside 
the free margin of the 
outer germ-layer, they 
become merged in the 
white yolk (dw), which 
is abundantly provided 
with yolk-nuclei (dk) in 
the region of the transi- 
tion, ‘This region of the 


de, yolk-cells ; #, erescentic groove ; md, caelenteron ; F, anterior, 1, posterior end of the germline. 
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seotion through the germdise of 


Fig. 56.A —Longitndinal 
B, Cross section through the 


‘ak, Cinter, i, inner, mk, middle geemlayer ; dv, yolk-wal 
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yolk is designated as the yolk-wall (vitelline rampart), It serves 
for the augmentation of the inner germ-layer, in that the free 
nuclei increase in number by division, and keep up the process of 
supplementary cleavage already mentioned. 

During incubation the liquefaction of the yolk makes further pro- 
gress (fig. 56) and leads to the formation of « depression (ud), which 
continaally increases in depth and breadth, and over which the germ- 
dise arches like a watch-glass, Upon examination from the surface 
its middle, as far os the fluid reaches under it, appears clear and 
translucent, whereas the marginal area, which lies upon the opaque 
yolk, appears dark, Such a distinction is still moro observable when 
one detaches the whole 
germ-dise from the yolk, 
for in the region of the 
fitid-illed space the thin 
and transparent germ- 
layers come off easily and 
clean from their substra- 
tam, whereas the vim, 69S tragh mia een 
from the point where the ‘hours, aver Devas. 


infer germayer merges * O% = eats yolloeells} dt, yotk-nuclol ; 
with the yolk-wall out- y . 

ward, turbid yolk-substance remains clinging to the germdise. For 
@ long time the middle, clear, circular area has been designated 
in embryology as the clear germinal area (area pellucida), and the 
more cloudy, ring-like rim as the opaque germinal area (area opaca). 

In the next chapter I shall treat more in extenso of the important 
changes which take place—up to the time when the egg is laid 
and during the first hours of incubation—in the vicinity of the 
erescentic groove and the anterior lip of the blastopore, because they 
are connected with the development of the middle germ-layer, 

At is still more difficult than in the case of the Chick to interpret 
in its details the development of the germ-layers in Mammals, and to 
refer it back to the gastrulation of the other Vertebrates. Especial 
service has been rendered through the painstaking investigation of 
theve conditions: in the earlier times by Brscnorr, in later years by 
Heysex, Lizeenntus, vay Beveves, Kouumer, and Heare. The 
object of investigation which has been made use of in this work, and 
which we sball employ as the basis of our description, has usually 
been the Rabbit; besides this, the Bat and the Mole have also been 


employed. 
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While the Mammalian egg is gradually impelled through the 
oviduct toward the uterus by the ciliary motion of the epithelium, it 
becomes converted by the cleavage process into a spherical mass of 
small cells (fig. 58 4), Then there arises within it, by the secretion 
of « fluid, a small fissure-like cleavage-cavity (fig. 58 B). The germ 
has consequently entered upon the vesicular or blastula stage. The 
wall of the blastula, or vesicula blastodermica, is composed of a 
single layer of polygonal cells, arranged, as has been known since 
Biscnorr's works, in mosaic, with the exception of a small region, 
where the wall, as in the case of the Amphibian blastula, is thickened 
by an accumulation of somewhat more granular and darker cells, 


Fig, $8.—Optical sectious of a Rabbit's egg in two stages immediately 

Ep. ¥. Besapes. Copied from Batroun's " Comparative Embryology.” 

4, Solid call-ins resaiting from clearnge. 

B, Development of the blastuls by the formation of acleavage-cavity in the cellmass, (According 
to Yan Bexnnen’s interpretation, ¢p in epiblast ; Ay, hypoblast ; bp, blastopore.) 

which produce a knob-like elevation that projects far into the 

cleavage-cavity. 

A peculiarity preéminently characteristic of the further develop- 
ment of Mammals is that here, as in no other Vertebrate, the 
blastula increases enormously in size (fig. 59), by the accumulation 
of fluid which contains mech albumen and produces a granular 
eoagulum upon the addition of alcohol; it soon acquires a diameter 
of 10 mm, Of course, with these processes of growth the zona 
pellucida is altered and distended into a thin membrane. A gela- 
tinous layer (zp) already secreted by the oviduct envelops the 
Intter. 

In Rabbits’ eggs which are « millimetre in diameter the wall of 
tho blastula has become very thin. The mosaic-like cells arranged 
in a single layer have become very much flattened. Also the knob 
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of cells, which projects into the cleavage-cavity, has become meta- 
morphosed and has spread itself out more and more in the 
form of a disc-like plate, which is continuous at its attenuated 
margins with the thin 
wall of the blastula, 
The further processes 
of development take 
place principally in 
this plate, Its most 
superficial cells are 
flattened out to thin 
seales, such as also 
form the wall of the 
blastula elsewhere ; its 
remaining elements, 
on the contrary, ar- 
ranged in from two 
to three superposed 
layers, are larger and 
seers protoplaan, eh Ma, 
e Rmbryology.” 
embryoaf the Mammal "rer tam mins ur ment 
isin the blastula stage. 
Tt still consists everywhere of a single gorm-layer. For the view 
which hus been advanced by many persons, that the germ-dise in this 


Pig, 40.—Cross sertion through the almost circular germinal area of a Rabbit's egg 6 days and 9 
beurs old (diameter 0'$ mm.), after HaLrour, 

At, Outer, i, inner germ-layer. The section shows the pecullar character of the upper layer with 
‘A certain srumber of flattened superficial cells. Only about half of the whole breadth of the 
‘germinal area is reprommted. 


‘stage of development is already in the two-layored condition, and that 
the outer layer of flat cells constitutes the outer germ-layer and the 
more protoplasmic cells lying under it the inner germ-layer, is, in my 
opinion, untenable. Opposed to this aro, first, the fact that the flat- 
tened and the thickor cell-layors are firmly joined together and 
are not separated from each other even by the narrowest fissure, 
and, secondly, the further course of the development.* 


* Holding to this interpretation, I am of course also unable to agree with a 
Yiew of VAN Baxnprs’s, according to which the gastrulation takes place at the 
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Two germ-layers first appear in oggs 
which hive already attained a diameter of 
more than 1 mm. and are about five days 
old. At the place where the cell plate pre- 
viously lny, one sees by inspection from the 
surface a whitish spot, which is at first 
round, but later becomes oval or pear shaped. 
Tt is generally designated at this stage as. 
area embryonalis, or as embryonic spot, It 
consists of two germ-lnyers (fig. 60), which 
are separated by a distinct fissure, and may 
be detached from each other. The inner 
germ-layer (ik) is a single sheet of greatly 
flattened cells, ‘Tho outer germ-layer (ak), 
on the contrary, is considerably thicker, and 
shows that it is composed of two sheets of 
cells: (1) a deoper layer of cubical or round- 
ish, larger elements, and (2) a superficial 
Jnyor of isolated flatter cells, which were first, 
accurately described by Ravser, and which 
have been named after him Ravner's layer. 
Toward the margins of the embryonic spot 
the outer layer becomes thinner and pos= 
senses only a single layer of cells; these are 
continuous with the large flattened elements 
which, as we have seen, alone constitute the 
ih pega Maps 


dag. Length of the geemiaal ares about 1°9 mm., broth af the 


fem age (0k, reprewtal in Pig 0 rv no Yonge ent 
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same 0°86 mm. After Baurown. 
‘The flattened cells of the outer 


Qp). J, on the contrary, believe that the gastrulation takes place in the 
manner deseribed on page 104, 
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of the Isyer. ‘This on older eggs slowly spreads itself from the 
embryonic spot toward the opposite pole, and thereby the whole 
blastodermic vesicle gradually becomes two-layered. While this ix 
taking place, changes also proceed at the embryonic spot, which has 
become oval and somewhat larger. Raveen’s layer disappears * 
(fig. 61); the underlying cubical or spherical cells have become 
cylindrical and more closely crowded together, Each of the primary 
germ-layers is now composed of a single layer of cells. 

‘The two accompanying figures, which represent in two different 
positions a Rabbit's egg seven days old, will serve for the illustration 
of these conditions, Jn looking down from above (fig. 62 A) one sees 
the embryonic spot (ag), now become oval. It is produced exclusively 
by a definitely limited thickening of the outer germ-layer, and indi- 
entes the place at which the cells are cylindrical ; in that respect it 
corresponds to the embryonic shield of reptilian and avian embryos, 
and is not to be confounded with the ooll-plate (fig. 59), which was 
described as a thickening of the one-layered blastula. Jn looking at 
it from the side (fig. 62 B) one can distinguish on the blastula three 
regions : (1) the embryonic spot (ag); (2) a region which includes the 
upper half of the vesicle and reaches to the line ge, in which the wall 
is still composed of two layers, but in which the cells of both the 
outer and inner germ-layers are very much flattened ; and (3) a thint 
portion lying below the line ge, where the wall is composed exclusively 
of the outer gorm-layer. 

‘There now arises the important question, in what manner the two- 
Inyered condition in Mammals arises out of the single-layered form, 
Ono has reason to expect that gastrulation takes place here in 
the same way as with the remaining Vertebrates, by means of an 
invagination or an ingression of cells which proceeds from a definite 
territory of the thickened cell-plate of the blastula; in thix con- 
nection attention must be directed to the posterior end of the 
embryonic spot. 

When the embryonic spot has acquired a pear-shaped appearance 
(fig. 63), there is at its posterior end a somewhat less transparent, 
because thickened, place (Ai), which Korte bas designated 
tho terminal ridgo (Endwulst). It is comparable with the opacity 


* Two views aro held concerning the manner in which Raunen’s layer 

According to BALroux und Have, the flat cells become mota- 

torphosed into cylindrical cells, which are interposed between the other 

‘eylindrical cells ; according to KOLLIKER, on the contrary, they disintegrate 
cand disappear. 
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at the posterior margin of the germ-dise of Reptiles and Birds, when 
their gastrulation begins. An invagination proceeding from this 


4 


Fig. €@,—Blastula of the Rabbit 7 days old without the 


outer ogg-membrancs. 
KScuxen, Magnified 10 diameters, 
‘Geen in A from above, in # from the sido, 


9, Kmbryonic spot (aren embryonalis) ; gr, the Une 
‘up to which the Blastula is two-layerot. 





Length 44 mm. After 


point, such as Devan has 
established for the Chick, 
is anfortunately not as 
yet proven with sufficient 
certainty in the case 
of Mammals; the origin 
of the two-layered stage 
is also still involved in 
obscurity. 

However, there are in 
the literature some observa- 
tions, which, fragmentary 
as they are, appear to me 
to be worthy of special 
regard. 

At the stage at which 
the blastula has become 
for a certain distance two- 
layered (fig. 62), there has 
been discovered by Heare 
in the case of the Mole, by 
Sxiexxa in the Opossum, 
and by Keren in the 
Rabbit, at one place of 
the embryonic spot (pro- 
bably in the region just 
described as terminal ridge), 
a small opening (fig. 64 x), 
which is possibly to be tn- 
terpreted as blastopore and 
to be compared with the 
erescentic groove of Birds. 
Here the two primary germ- 
layers are continuous with 





cach other, and from here, ax well ae from the primitive atreak, the 


middle germ-layer takes ite origin. 


T asmwme that, beginning at 


this place, the lower germvlayer has in a still earlier stage been 
developed by an infolding of a small territory of the singlelayered 


Blastula (tig. 59). 


DEVELOPMENT OF THE TWO PRIMARY GERM-LAYERS. 


105 


One circumstance is especially characteristic of the gastrulation of 


Mammals: that the invaginating 
membrane is not a closed blind sac, 
but possesses a free margin, with 
which it grows along on the inner 
surface of the outer germ-layer, 
until it has completely lined the 
blastodermic vesicle, Tho reader 
will please compare with this the 
statements on page 102, But the 
absence of a ventral closure becomes 
intolligible, when we imagine that 
the yolk-mass, which constitutes in 
moroblastic oggs or in Amphibian 
exgs the floor of the celenteron, 
has degenerated and wholly disap- 
peared, In this caso colenteron 
aud cleavage-cavity become one 
and the came, as is the case with 
Marnmals. 

Moreover we are induced to as- 
sume that in the eggs of Mammals a 
regressive metamorphosis of origin- 


¥ 


Fig, 68.—earshaped embryonic spot of a 

Rabbit's egg 6 days and 18 hours old, 
after KSLIKER. 

‘ph Short peimitive jteeak ; he, cemomt- 
shapat tenminal ridge ; F, anterior, 
2, posterior end. 


ally abundant yolk-contents must have taken place, on account of 
many phenomena in their development, which would be unintelligible 


‘Tig. 1,-Mediam section af the enteyenic fendament of a Mole’s egg through that part is 


‘which the primitive 


streak has began to be formed, after Hears, 


Hy, Blastopore ; a, cuter, Ub, Inver germelayer ; F, anterior, 41, posterior end. 
without this assumption, ‘These phenomena will be considered more 


at length in « subsequent chapter, 





CHAPTER VL 
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DEVELOPMENT OF THE TWO MIDDLE GERN-LAYERS. 
(CBLOM-THEORY,)* 


Arren tho completion of the gastrula stage the processes of develop 
ment become more and more complicated, so that the attention of the 
observer from this time on must be directed to a series of changes 
which tako place at the same time and in various parts of the 
embryo, For a tranqformation now enaues, due to the simultancons 
folding of both the inner and outer germ-layere, whereby four new 
chief organs of the vertebrate body are called into existence. Out 
of the inner primary germ-layer arise (1) the two middle germ-layers, 
which enclose between them the body-cavity ; (2) the secondary en- 
toderm or entoblast (Darmdriisenblatt), which lines the secondary 
intestine of vertebrated animals ; and (3) the fandament of tho axial 
akoloton, the chorda dorsalis, or notochord. At the same time there 
is developed from the outer germ-layer, as its only system of organs, 
the fundament of the central nervous system, Since these four pro- * 
cesses in the development are in part most intimately involved in 
‘one another, they cannot be separated in their treatment. 

Here again we have to do with a problem which is one of the 
most difficult in the embryology of vertebrated animals—the 
history of the development of the two middle germ-layers, Not- 
withstanding a voluminous literature which has grown out of this 
theme, there aro many conditions, especially among the higher 
classes of Vertebrata, which are not yet explained in an entirely 
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example is presented to us in the development of arrow-worms 
(Sagitta) or Chetognatha, concerning which observations have been 
published by Kowanxvexy, Borsoun, and the afthor. 

After the process of cleavage there arises a typical blastula, which 
after some time is converted into # typical gastrula. While the 
latter elongates, two folds of the inner germ-layer arise at the bottom 
of the ewlenteron, and grow up parallel to each other (fig. 65). 





Mig. 6 





Fig. 65.—A tage in the development of Sagitta, after Kowauevaxy, from HAUrOUN® 
Comparative Euvbryclogy.~ 

Opwieal fongitudinal section through a gasteuls at the beginning of the formation of she 
body-cavity. 

tm, Month ; af, alimentary cavity ; py, body-cavity ; bly, diastopore, 

‘ig. ,—Optical cross section through a larva of Sagitts, 

‘The ealenteron i+ separated by moans of two folds, which protrude from its veuteal wall (¥ ), 
Into the intestinal canal proper and tho two lateral tody-cavities (1h), all of which axe till 
tp commranication with one another un the diraal aide (0). 

D, Doras} aide; ¥, ventral side; wk, outer, ik, inner germlayer ; ma, parietal, a", visceral 
middle tayers th, Dody-cavity. 


‘They grow larger and larger, and at the same time stretch over on to 
the ventral wall of the larva, From here tho free edges finally grow 
on the ont hand up to the dorsal wall, on the other up to the 
blastopore, and thereby complotely divide the emlenteron into a 
middle and two lateral spaces (fig. 66 (A), which for a time commum- 
cate with each other near the blastopore and along the subsequent 
dorsum (D) of the embryo. Aftor a short time this communication 
is lost ; the blastopore becomes closed, and the edges of the folds 
fuse with the adjacent surfaces of the ceolenteron. Of the three 
cavities the middle becomes that of the permanent intestinal tube, thu 
two Interal ones (Uh) become those of the two body-eavity sacs which 


—— 
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separate the intestine from the wall of the body. They appropri- 
ately take the name enterooal, since they are formed from the carlon- 
teron by a process of constriction, and are genetically 

from other cavities which arise in other animals between the wall of 
the intestine and that of the body by simple splitting, and to which 
is given the name fissicel or schizocel. 

By the process of infolding the number of the germ-layers in Sagitta 
has been increased from tio to three, The primary inner germ-layer 
is thereby divided into (1) @ cell-layer (ik) which lines the intestinal 
tube, and (2) a cell-layer which serves to enclose the two body-eavities 
(m& and mA*). The first is designated as the secondary inner germ- 
layer or entoblast, the second as the middle germ-layer (mesoblast), 

‘One part of the lattor is adjacent to the 

outer germ-layer, the other part to the 

intestinal tube; accordingly the division 

is carried still further—into a parietal 

(mt!) and @ visceral layer (mk*) of the meso- 

blast, For the sake of brevity the former 

may be called the parietal (mk), the latter 

the visceral (mk?) middle layer. Conae- 

quently, one may now speak of tvo middle 

ax germ-layers inatead of one, the total number 
GM, Doral, ¥Af, ventrad mesen. Of the germ-layers being, naturally, raised 

Patna by this from treet fo. 

Tn rogard to the courso of the further 
development it may be stated that, while 
the larva elongates into a worm-like body, 

the two body-sacs (fig. 67 lA) are increased to a greater extent 
than the intestinal tube (ah) which they embrace, They everywhere 
crowd the latter away from the wall of the body, grow around it 
from above and below, where their thin walls come into direct con- 
tact. By the fusion of the two body-saca along their surfaces of 
contact there are formed two delicate membranes, a dorsal (df) 
and a ventral (vJf) mesentery, by means of which the intestinal tube 
is attached to the dorsal wall and to the ventral wall of tho 
trunk. 

Processes very similar to those of Sagitta occur in the development 
of Vertebrata also, but in the latter case they are combined with 
the development of the neural tube and the chorda dorsalis, In the 
presentation of these we shall proceed as in the foregoing chapter, 
which treated of the formation of the gastrula, and consider separately 
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the processes in Ampbioxus, Amphibia, Selachians, Birds, and Mam- 
mals, sines they differ somewhat from one another. 

The history of the development of Amphioxus lanceolatus is very in- 
structive. The gustrula elongates, whereby the ewlenteron is turned 
« little towards the future dorsal surface, and here terminates in the 
blastopore, which marks the future hind end of the worm-shaped 
body. Then the dorsal surface becomes somewhat flattened; tho 
cells in this region increase in height, become cylindrical, and form 
the medullary or neural plate (fig. 69 mp), By a slight infolding of 
the latter, there arises « medullary groove, which forces downward 
the roof of the 
eowlenteron in aa wu on a oak - 
the form of a H a: 
ridge (ch), At 
the place where 
the thickened 
medullary 
plate joins the 
small-cellod 
part of the 
Outer ZOrM= ye 9. optical longitudinal (sagittal) svction through an embrys of 
layer, or the Amphioxus with five primitive segments, after ELarroarx. 
ornlayar(A3), 7" Setcausacany; m ncumt tthe eu neurateic canals tet 
an interruption prituitive segment ; wat, cavity of primitive wegment. 
in the continu- 
ity now takes place, and the epidermis grows over the curved 
neural plate from both sides, until its halves meet in the middle 
Tine and fuse, Thus there arises along the back of the embryo 
(fig. 70) a canal, tho Jower wall of which is formed by the curved 
medullary plate (mp), and the upper wall by the overgrowing epi- 
dermis (ak), It is only at « later stage that the medullary plate in 
Amphioxas, lying under the epidermis, is converted into a neural tube 
(fig. 72 ») by the bending up of its edges and their fusion. Ax the 
fandament of the nervous system becomes differentiated, it extends 
so far toward tho posterior end of the embryo, that the blastopore, 
which is located there, still falls within its territory, and with the 
closure of the neural tube is included within the end of the latter 
Th this manner it occurs that neural tube and intestinal tube, as 
Kowanevsxy first observed, are now, by means of the blastopore, 
in continuity (fig. 68 on) at the posterior end of the body, The two 
together constitute a canal composed of two arms, the form of which 





0 EMBRYOLOGY. 


is comparable with « siphon. ‘Tho upper arm, which is the neural 

Frere Sree eee ri ae ahaa woes aU ae 

anterior end. The bent por- 

tion of the siphon, or the 

blastoporic region, by means 

of which the neural and the 

intestinal tube are united, ix 

called canalis newrenterionus 

(fig. 68 cn), a structure whieh 

we shall again encounter in 

the development of the re- 

maining Vertebrate. 

Simultaneously with the 

neural tubs are developed 

the two middle germ-layere 

and the ehorda dorsalis (figs. 

69 and 70), At the front 

end of the embryo there 

arise in the roof of the 

calenteron close to cach other two small evaginations, the body-snes 

(mk), which grow dorsally and Interally at cithor side of the 
curved medullary groove, 
These are slowly enlarged, 
since the process of evagina- 
tion progresses from the an- 
terlor toward the posterior 
end of the larva, and finally 
reaches the blastopore. The 
narrow strip of the wall of 
the colenteron which is found 
between them and separating 
them (its limits marked by 
two stars ** in figs. 69 and 
70), and which lies under 

tho middle of the medullary 4, Process! famatien et ty em ayr: 

groove, represents the fwnda- mmebclary Plate; ch chordas ®, evaginstion 

ment of the chorda (ck). are ls Se A, {testinal cavity ; TA, 
The primary inner germ 

layer therefore has now undergone division into four different parts > 

(1) dhe fundament of the chorda (ch), (2) and (3) the celle (mk) which 

line the two body-sace (th) and represent the middle germ-layer, and 
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(4) the remaining part, which, since it is destined to form the bownding 
soall of the subsequent intestine (dh), is to be designated as permanent 
entoderm (Darmdriisenblatt) (i). 

‘The succooding processes of development have as their objective 
point the detachment from one another, by means of constriction and 
fusion, of the parts which are still in continuity, and the formation 
of discrete cavities. The processes of constriction begin at the 
anterior end of the embryo, and progress thence to the blastopore 
(figs, 70 and 71). At first the body-saes become deeper (fig. 70 lA), 


Pig. 72. 


‘Tig, 71.—Cros section through an Amphionus embryo with five well-developed primitive seg. 
ments, afler Harscunx. 

tk, Owter, (2, kaner, mk, mbldle germtayer ; yt, medullary plate; oh, chonlay A, kntestinal 
‘cavity 5 Uh, benty-anvity. 


Tig. 72.—Crows section through the middle of the body of an Amphioxus embryo with eleven 
primitive segments, after Harsovinn. 
vi, Neweal tubes ua, gaimitive segment, For the meaning of the other letters eee Pig. 71. 


and then loge their connection with the main cavity (dA) by the close 
apposition of the cells which surround the entrances to them (fig. 71). 
By this process the margin of the secondary entoderm (it) comes to 
abut directly on the margin of tho chordal fundament (ch). Tho 
latter has meanwhile also undergone changes; the plate-like funda- 
inent has become so curved by the elovation of its lateral margins, 
that thero bas arisen a deep chordal groove, which is open along its 
ventral side. Subsequently the lateral walls of the groove come into 
close contact, and are thereby converted into a solid rod of cells, which 
temporarily shares in the closure of the roof of the secondary intestine, 
and appears as a ridgo-like thickening of the latter. Then the cell- 
tod (ch) becomes detached (fig. 72) from the wall of the intestine ; the 
Tatter now, for the first time, becomes completely closed in the form 
of a tube, To effect this the margins of the entoderm, indicated in 
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fig. 70 by stars ( * *), grow toward each other under the chorda and 
fuse into a median raphe. © 

‘The final result of all these processes is shown in the cross section 
fig. 72: the original clenteron has become divided into three cavities 
—into the ventral permanent intestine (dh), and into the two body- 
cavities (U4), which aro situated dorso-laterally to it, and which con- 
‘tinue to increase in size, Between these there has been interpolated 
the chorda (ch), upon which the intestine abuts below and the neural 
tube (mn) above. The cells which have been cat off from the celen- 
teron by constriction—and which are more deeply shaded in figs. 69 
to 72, and enclose the body-cavities ((/)—constitute the middle 
germ-layer (mk). The part which lies in contact with the outer 
germ-layer (fig. 72) is recognisable as the parietal middle layer 
(mk); the part which is in contact with the neural tube, chorda, 
and intestine as the visceral middle layer (mA). 

Tnasmuch as the process of differentiation just described begins, 
as has been already stated, at the front end of the embryo and 
extends slowly stop by step toward the hind end, by an examina 
tion of a series of sections one may follow the various stages of 
metamorphosis on a single object. 

In the description given I have presented the conditions as though 
in Amphioxus there arose two simple body-sacs, one on either side 
of the intestinal tube, The processes are, however, somewhat more 
complicated, for in the case of the embryo of fig. 70 the body-sacs, 
while increasing in size posteriorly, undergo further changes in the 
anterior region, and through repeated infoldings are divided into 
separate compartments, the primitive segments (us), which lie one 
behind the other. Te content myself with this statement, since for 


the primitive segments un' come to ® subsequent chapter, 

While in tho caso of Amphioxus lanceolatus there is no doubt but 
that the body-cavity and the middle germ-layer are formed by an owt- 
agnid fag aderpyrte neg rr rgis or oe 


yolk in 1 the eggs, and furnish less clear and valugible views. Where 
in the gastrula of Amphioxus & great cavity is, present, we 500 in the 
case of the remaining Vertebrates « great mass of yolk-materinl 
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collected, and the celenteron more or les comple.ely filled with it. 
Consequently there are formed in these eases for the produciion ¢f 
the body-cavity no Aollow evaginations, but solid cell-growthe, in thot 
the parietal and the 
wisceral lamelle of the 
middle germ-layer have 
the murfaces hich in Am- 
phiocus bound the body- 
cavity preased together at 
the beginsing of the de- 
telopment and separated & 
only at a rather late 
stage, Tn order to make 
easier the comprehen- 
sion of the somewhat 
diesimilar appeoranees 91, 14 Sagram to shew the development of the middlo 
furnished by an inves- germ: layers and the body-cavity in Vertebrata. 
tigation of ho separate Somtanten encarta 
classes of Vertebrates, ‘outer, &&, Iunor germ-layor ; ml’, parietal, it, visceral 
Wt dverib dt, with am me i emf Ze 
the aid of two diagram- 
matic figures, how, according to a series of investigations which I 
have undertaken, the development of the middle germ-layer and 
the body-cavity would take 
place in the case of the 
vertebrated animals, 
One of the diagrams (fig. 
73) represents a cross section 
in front of the blastopore, 
It exhibits the inner germ- 
layor (ik) extensively thick- 
ened on the ventral side by 
the deposition of yolk (d), so 
that the calenteron is re- 
Tig. H—Crese sectucc «i an Amphioxus embryo, duced to a small cavity (dh). 
thy Outen ih tenes a atte germayer; «a, 12 the roof of the omlenteron 
honda. E " there lies a single layer of 
cells (ch), the fundament of 
the chorda, characterised by their cylindrical form. On both sides 
of it the inner germ-layer has developed evaginations, the two 
body-ancs (iA), which have grown down some distance between 
8 


—— 





ma EMBRYOLOGY. 


the yolk-mass and tho outer germ-layer. Their wall (mk! and mi) 
in composed of xmall cubical or polygonal elements, shaded darker 
in the diagram, The celenteron is distinctly separated by means 
of the two corlenteric folds (* *) into a median or intestinal cavity 
proper (4), lying beneath the chordal fundament, and the two narrow 
body-sues (JA), which communicate with the former only ly menns 
of narrow figures (* *) at the right and left of the chordal fanda- 
ment, The figure is easily reducible to the preceding (p. 113) cross 
nection of an Amphioxus embryo (fig. 74), if we conceive the simple 
epithelium on the ventral side of the lntter thickened by an accurmula- 
tion of yolk, and the two 
small body-sxcs grown 
down a certain distance 
between yolk-mass and 
outer gerin-layer. 

In the second dia- 
grammatic cross section, 
which is through the 
Dlastopore (fig. 75), the 
ecelenteron (1d) is wholly 
filled up with the yolk 
mass (d). The body-sacs 
(ih) described in the first 
diagram are to be seen 
here also, as they crowd 

taser 5 themselves downwards 

tavoolls of the rldlle germ tayer, between yolk and outer 

gorm-layer. ‘Their walls 

ave composed of small cells, and the outer or parictal layer (mk) 

merges into the outer germ-layer at the blastopore, while the inner 

or visceral layer (mA*) is continuous with the yolk-mass or the inner 
germ-layer. 

Were the conditions in Vertebrates such as the two diagrams 
represent, there could no longer be any doubt in regand to them, 
any more than in the case of Amphioxus, that the body-cavity ix 
developed out of two evaginations of the ewlenteron, and that its 
walls constitute the two middle germ-layers, But there is not a 
single Vertebrate which presents such elear and convincing evidence. 
‘The distinctness is everywhere diminished, most of all by the 
fact that the parts which are to be interpreted as body-sucs no longer 
enclose cavities, because their walls are firmly pressed together, in 
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consequence of the fact thut the greater collection of yolk requires 
the space for itself. Consequently we find, im place of the body-eace 
exhibited in the diagram, solid masses of celle, for which it remaina 
to be established that they correspond to the sace in position and 


In order to see what condition would result in consequence of « 
disappearance of the body-cavity, we will imagine that in the two 
diagrams the parietal and tho visceral layers of the body-sacs are 
firmly pressed together. In the first diagram (fig. 73) we should 
then have a mass several cells thick, which would be everywhere dis- 
tinetly separated from the two germ-layers—in between which it had. 
grown—with the exception of the place indicated by a star, which 
marks the entrance to the body-sac; this is the important region 
whence the evagination or the outgrowth of the middle germ-layer 
from the inner layer has taken place. At this point the cell-mass is 
continuous, on the one side with the fundament of the chorda, on 
the other with the entoderm, Tn the second diagram (fig. 75) we 
should likewise see the thick cell-mass everywhere isolated, except in 
the vicinity of the blastopore, where a transition to the outer as well 
as to the inner germ-layer takes place. If, in addition to this, we 
should imagine that the two lips of the blastopore were here pressed 
together from right to left, we should have in the middle of the 
crest section a thick, many-layered cell-mass, which on both sides is 
resolved into the three germ-layers, or, in other words, at the blasto- 
pore all three germ-layere by their fusion meet together in a single 
nase of cells. 

By careful investiyation it is, in fact, demonstrable that similar 
conditions to those which we have produced by changes in the 
diagrams are found in the investigation of the several classes of 
Vertebrates. For this purpose we must make sections through three 
different regions of the embryo; (1) through the region in front of 
the blastopore, (2) through the region of the blastopore itself, and 
(3) behind it, The agreement appears moat prominent in the develop- 
ment of the Amphibia, among which the Tritons again furnish the 
most instructive objects. 

When in the caso of Triton the gastrulation, with the accompany- 
ing obliteration of the cleavage-cavity, is fully completed, the embryo 
becomes slightly elongated; the future dorsal surface (fig. 76 D) 
hocomes flattened, and gives rise to a shallow furrow (r), whieh 
stretches from the anterior to the posterior end nearly up to the 
blastopore (u). The latter has now assumed the form of a longitu- 


ieee 
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dinal fissure. A cross section made 
embryo in front of the blastopore (fig. 77) 

to our first diagram (fig. 73), if wo conceive that tho 
body-cavity in this case has disappeared. The outer germ-layor (ak) 
consists of a single sheet of cells, which on the back of the embryo 
wre cylindrical, but become shorter toward its ventral side. The 
cells enclosed within the outer layer exhibit a differentiation in three 
ways, and therefore are subsequently converted into three different. 


nas test cis sis nce tacit bis veins ee Sie Ro eee 
‘88 hours after artitiolal fertiliantion. 

D, Doral, ¥, ventral region; ss, biastopore ; A, elevation between blaatopore and medullary: 
reove (r) ; f, semicircular furrow, which encloses the biastoparnl area; dp, yolkping, 

‘Fig. 77.—-Cress section of an egg of Triton with feebly expressed medullary groove, 

sk, Outer, it, inner gorm-tayer ; mi’, parietal, i’, visoornd ame of the middle germedayer 5 
a ja, Kuteatinal cavity ; 2, doral, ¥, ventral, 


organs—inte chorda, entoderm, and middle gerim-layer. First, there 
is to be found on the roof of the ewlonteron (dh) under the medullary 
groove, even close up to the blastopore, a narrow band of long 
cylindrical cells (ch); it corresponds in every respect to the fanda- 
ment of the chorda in our diagram (fig. 73 ch), and in the cross 
section through Amphioxus (fig. 74 ch). Secondly, the fandament 
of the chorda is flanked on either side by two bands (md, sn?) of 
small oval cells, which extend downwards to about the middle 
of the lateral region of the embryo, They do not share in bounding 
the calenteron, since a third kind of cells (ik), large and rich in yolk, 
lio along their inner surfaces. ‘The latter begin at the margin of 
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‘the chordal fundament as a single layer, become two layers thick 
farther down, and thus merge into the more voluminous accumu- 
lation of yolk-cells, which, in all Amphibian embryos, occupy the 
ventral sido and restrict the gastrula-cavity. They correspond, to 
continue with our comparison, with the entoderm, whereas the 
small-celled masses, which, starting from the fundament of the 
chords, have crowded themselves out between the entoderm and 
the outer germ-layer, are comparable with the cells which in Am- 
phioxus and in our diagram form the wall of the body-sacs, or the 
middle germ-layer. The 

conclusion is therefore jus- . 

tified and very obvious, 
that in T'riton the tico mid- 
dle germdlayers have arisen 
in the anterior territory of 
the embryonic body by a 
process of evagination at 
toth sides of the chordal 
Sundament, just as in Am- 
phiowus, except that in one 





cuse the evaginated cell mass 
contains @ cavity, in the 
other case none, ; 
- T8—Cross section thrvagh the biastopere 
A. cross section through we cc Die wih ede ecgeseet ealatioe 
the blastopore of the Triton reset 
faahegd (epV7B) isto ba, |, voecst oust Me Ws ide yemegery x 





compared with our second a 
dingram (fig. 75). ‘Tho 
hollow body-sics of the latter correspond to the solid cell-bands, 
which are the fundament of tho middle gorm-layer, Near tho 
blastopore (u) they are split into two lamellw. Of these the outer 
(m&#) merges, as in our diagram, into the inner layer of the blasto- 
poris lip, and becomes continuous at tho edge of the blastopore with 
the onter germ-layer (ak); the inner lamella (mA*), on the contrary, 
is connected with the mass of yolk-cells (ds), which lies like a wall in 
front of the blastopore and even projects into it as the Ruscoxiax 
yolk-plug (dp). 

Posteriorly to the blastopore, the middle germ-layer stretches itself 
out for some distance, but here only as a single connected mass. 

Acoording to the region from which the middle germ-layer is de- 

a ‘veloped, we may divide it into two portions, and call that part which 


i 
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is produced on both sides of the chorda the gastral mesoderm, and 
that which arises from the blastopore the peristomal mesoderm 


” 
oe 
wate 
ts 
oo 
it 


Fiz, 70.—Three croas seotions trom series through an egg on which the medullary ridges begin: 
to appear, ‘The rections iKustrate the development of the chorda out of the choral 
tundament, nnd tho constricting off of the two halves of the middle parm-layer, 

ak, Outer, 4&, inner gorm-layer ; mt’, parietal, mi", visooral Lamsolla of tho middle germ-layer : 
wp, mediallary plate; m/, modullary folds; ¢&, chorda; MA, bedy-curlty. 


‘Tho further development of the fundaments of mesoderm, chorda, 
and intestine, which subsequently become entirely separated from 
one another at the places where they now remain in connection, 
causes the agreoment with the conditions found in Amphioxus to 


‘ 
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appear in stronger relief. Tho process of separation ix introduced 
by the curving of the chordal plate, and its conversion into the 
chordal groove (fig. 79 A ch). Inasmuch as it is continuous at its 
edges with the parietal lamella of the middle germ-layer (mk?), there 
arise in the roof of the corlenteron the two small chordal folds, which 
enclose between them the chordal groove, Its freo margins abut 
directly upon the folded edge, where the visceral lamella of the 
middle gorm-layer (mA%) bends around into the entoderm (ik) to 
produce the calenteric fold. 

In the noxt following stage (fig. 79 B) tho thickened medullary 
plate, consisting of long cylindrical cells, becomes distinctly marked 
olf from the now still smaller cubical elements of the ectoderm. 
Meanwhile the middle germ-lnyer begins to detach itself from its 
previous connections in the vicinity of the place of evagination; the 
parietal lamella becomes separated from the fundament of the 
chorda, the viscoral lamella from the entoderm, and thereupon their 
dotached edges become fused to cach other, By means of this pro- 
cess the fundament of the body-sac, or of the middle germ-layer, 
becomes closed on all sides, and is separated from the other 
germ-layers. At the samo time the entoderm (i) and the funda- 
ment of the chorda (ch) have come into contact along their froe 
margins, so that the chorda appears like a thickening of the ento- 
derm, and for a time shares in bounding the intestinal cavity on the 
dorwal side, ‘This is changed by a second process of detachment. 

‘Tho fundament of the chorda, now converted into a solid rod, 
is gradually excluded from participation in lining the intestine 
(fig. 79 C), by the fact that the halves of the entoderm (i), composed 
of large yolk-colls, grow toward each other underneath it, and fuse 
in & median raphe, 

The closure of the permanent intestine on the dorsal side, the cow 
stricting of of the two body-eace from the inner germ-layer, and the 
origin of the chorda dorsalis are therefore in Amphibia, ax in Amphi- 
oxus, processes iohich are most intimately related with one another. 
Here, too, constricting off of the parts mentioned begina at the head-end 
of the embryo, and advances slowly toward the posterior end, where 
there existe for a long time a zone of growth, by means of which the 
increase in the length of the body ia effected. Soon after this, the 
moment arrives when in the embryos of Triton the body-cavity 
becomes visible. For after the detachment of the organs previously 
mentioned ix comploted, the two middle gorm-lnyors at the head-end 
‘of the body, and on both sides of the chorda, separate from each 
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other, and thus cause to appear a right and « left body-cavity 

(enterocal), which, according to my interpretation, were not pre- 

viously recognisable, simply on account of the intimate mutual 
contact of their 
vals, 

Meanwhile the 
medullary plate 
has become con- 
verted, by the 
process of folding 
already described, 
into the neural 

rt = tube (fig. 80 me), 

Tig. 90.—Longitudinal (sagittal) section through an advanced em- Which lies beneath 

ss erate ire a tala Galli pik the epidermia. 

"tube; cb, chorda ; jm, pineal gland. ¥ 7 Since the neural 

tube subsequently 

encloses the blastopore, and is thereby in communication with the 

intestinal tube (as the preceding longitudinal section of an advanced 

embryo of Bombinator most distinctly shows), it follows that there is 

also in the Amphibia a structure (fig. 80 ne) corresponding to the 
neurenteric canal of Amphioxus (compare fig. 68 en), 

More fundamental differences in the development of the middle 
germ-layer are 
met with in 
the eggs of 
Fishes, Rep- 
tiles, und Birds, 
which are more 
abundantly 
provided with 
nutritive yolk yg 41 A and B.—Twe geemdince of Hens’ egge in the first hours of 
and undergo tncubstion, after Ki 
partial cleav- Er, embryonle whiald ; pr, 
age, and also 
in the eggs of Mammals, However, the variations appear in these 
cases to be of a subsidiary nature, whereas in the chief points the 
unity of the developmental processes for all vertebrated animals has 
heen the more firmly established the more accurately the individual 
stages have boon investigated by means of improved methods, 

In the presentation of these difficult conditions, we shall deser.be 


4 
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first the changes which may be recognised in viewing the germ-dise 
from the surface, and to thess shall add, secondly, the more im- 
portant results acquired by series of cross sections, 

At the posterior margin of the germ-dise of the Chick (fig. 81 A), 
which consists of two layers lying on the yollc like a watch-glass, we 
had distinguished—not only a short time before incubation, but also 
daring the early hours of that process—the crescent (s) and the 
erescentic groove, and had learned to recognise that this was the 
place from which the inner germ-lnyer arose by a process of folding 
under, 

When, during the first hours of incubation, the germ-layers grow 
out farther on the yolk, the crescentic groove (fig. 81 8) is con- 
verted into the primitive groove (pr), a structure of far-reaching 
significance. 

‘The metamorphosis, according to the excellent researches of Dovau, 
takes place in the following manner: In the middle of the anterior 
blastoporic lip, where the outer germ-layer bends over to become 
continuous with the inner, there arises a small notch, which is 
directed forwards (fig. 81 A sk); this gradually elongates into a 
groove (fig. 81 #), corresponding with the future longitudinal axis of 
the embryo, and by the following method: the right and the left halves 
of tho [antenor] blastoporic lip, togethor with the part which bounds 
the first notch, grow toward each other, and come in contact with 
each other in the median plane, with the same rapidity with which tho 
dise increases in super- 
ficial extent. Fora time, 
therefore, the blastopore 
has the form of a short 
longitudinal groove, 
which, at its posterior aa (ites 
end, is bent around into pig, 92 Diagrams to elucidate the formation of the primt- 
pyni sent) transversely ee Ince dapat te in the course of the 
placed crescontic horns development is indicated by dotted olreular tines. The 
a 
too, have grown toward 
each other, toward the median plane, and have thus contributed 
Inrgely to the posterior elongation of the primitive groove, By this 
remarkable process of growth the whole blastopore is converted from 
a transverse fissure into a longitudinal one, 

‘Tho accompanying diagrams (fig. 82) serve to illustrate this highly 


c 
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important process. The increase which the gorm-disc has undergone 
during successive stages is indicated by dotted lines, The margin of 
the fold, where the upper germ-lsyer passes over into tho lower 
layer, or the anterior lip of the blastopore, is denoted by a heavy 
black line. In the figures 4, 2, 0, one 
observes how, with the increasing extent of 
the germ-dise, the right and left halves of 
the blastoporic lip come together in the 
median plane 
in over-increas- 
ing oxtent, anc 
form the prinsi- 
tive groove, 

In figs. 83 
and 84 are pre- 
sented instruc- 
tive cross sec 
tions through 
the primitive 
groove in the 
firstatagesof its 
development, 
‘The first shows 
us the two lips 
of the blasto- 
pore (fig. 83 ul), 
separated by « 
small space, 
into which 
thoro projects 
from below a 
small elevation (dp) of  yolk-substance, 
containing a number of nuclei (merocytes), 
comparable with the Ruscostaw yolk-plug 
in the Amphibian larva (fig. 78 dp), At 
the lips, the upper germ-layer, a singlo cell thick, bends around into 
the lower germ-layer, composed of loosely associated cells, ‘The 
blastopore leads into the owlenteron, which lies between yolk and 
germ-dise. In fig. 84 the margins of the two folds have come into 
clese contact, and have fused to form the anterior part of the primi- 
tive streak, above which the primitive groove ix still to be found. 


7 
i 
' 
4 
: 
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‘than in Fig. 85, after Duvat. 
ak, Outer, if, inner geem-layer ; pr, primitive groove; d yolk. 


Fig. 6. —Cross section threugh the same germ dise, but somewhat farther forward 


ob, Outer, it inner germ-layer ; wi, carlonteron ; wh, Tip of the blastopere:; dp, yullk-plug, 


Fig. §3.—A somewhat o} 
after Devat.. 
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When the lust rempant of the crescentic groove has been employed 
tor the elongation of the primitive groove, the margin of the gorm- 
disc, which continues all the time to spread itself out uniformly over 
the yolk, exhibits everywhere one and the same condition ; it has 
become at all points a circumcrescence-margin, now that the in- 
eagination-margin has detached itself from it as primitive groove. 


Fig. 80 


‘Fig, #5—Surface view of the ares pellucida in the Dastoderm of & Chick, soon after the 
formation of the primitive groove, after Natrorx. 

pr, Briwpltive atewak with primitive groove; af, amniotie fold, ‘The Marker shading wurronnding 
Une prlanitive streak indicates the extent of the mesoblaat, 


Tig, 4.—Burface view of the ares pellucida of « blastoderm of 18 hours, after BaLroun, 

‘The area opaes is ounltted ; the pearshspat outline marks the Jimit of the area peliuukla, At the 
place where the two medullary folds are eoutinvous with exch other there is to be set a 
stort clirved tine, which represrmis the hrad-fold. In front of it there lew a send Kino 
concentric with It, the beginning of the amniotic fold A, Medullary folda; we, medaiinry 
farrew yr, primitive grovve. 


When subsequently the pellucid and opaque areas become more dis- 
tinetly separated, the primitive groove comes to lie in the posterior 
part of the pellucid area. By careful examination of a surface pre- 
paration (figs. 85 and 86 pr), one sees that it is bounded, both on the 
right side and on the left, by two small folds, which are derived 
from the blastoporic lips, and which appear darker and more opaque 
because the cells are multiplying rapidly and are more closely 
crowded, Since the two primitive folds, or the two blastoporie lips, 
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out farther laterally: it is connected with the oriin of the middle 
germ-layer. A 

Th a still later stage of development (fig. 86), at the beginning of 
the second day of incubation, the first fundament of the central 
nervous system makes its appearances in the anterior portion of the 
germ-dise. Over the head-process there arise at some distance from 
each other the two medullary folds (A), which are continuous with 
each other at their anterior ends, and which bound the broad medul- 
lary furrow (mo); posteriorly they become less prominent, and they 
here embrace between them the anterior ond of tho primitive streak 
(pr). Medullary furrow (me) and primitive groove (pr) must not 
be confounded with each other, as occurred in the earlier days of 
embryology ; they are two entirely distinct and dissimilar structures, 
which exist at the same time, and independently of each other, as 
fig. 86 shows. 

Primitive streak and primitive groove are preserved for a long 
time without undergoing important changes (fig. 87 pr). They 
always oceupy the posterior end of the embryonic body, which is 
characterised by its slightly differentiated condition even in stages 
whon the development of the separate organs of the body is already 
in full progress. On the contrary, the embryonic territory lying in 
front of it, which is so small at the time of the appearance of the 
hoead-process, becomes greatly elongated and, at the same time, 
diiferentiated into the separate organs of the body, This process 
of differentiation begins in front, and proceeds posteriorly toward 
the primitive groove, just as in Amphioxus and the Amphibia, 
‘Tho margins of the medullary folds come into contact with each 
other and begin to fuse, forming the neural tube (Ab!, Ai?, Ad’, 
mf), the fusion progressing from the head- toward the tail-end. 
‘There aro also to be recognised now in the interior of the body, 
at oithor side of the reural tube, the protovertebre or primitive 
segments (us), which we sball investigate more minutely further 
on, The number of these is constantly inereased by the growth 
which is taking place at the tail-end, 

When a large number of primitive segments bas arisen, the 
primitive groove begins on surfaco-viows to disappoar ; for it is sur- 
rounded by the medullary folds, and inasmuch as these fuso bere as 
well as elsewhere, it is enclosed in the terminal part of the neural 
tube. A notable condition, and one of great importance for the 
interpretation of the primitive groove, has been discovered at this 
stage in the embryos of several species of Birds by Gassen, Braun, 
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HorrMaxx, and others, At the front end of the primitive groove a 
narrow canal has aris, which leads obliquely from the neural tubo 
under the entoderm, and unites the two in the same manner in which 
the blastopore does in Amphioxus and the Amphibia. A diagram- 
‘matic longitudinal section through the hind end of a Chick (fig. 88) 
shows us this important union (n,¢), which exactly corresponds to the 


po 


#8 Diagrammatic longitudinal sestion through the posterior end 
a. ssn a th nh renin oo ana shar 


‘ho mt thaws thu tha sor tab (89.0) sotlacons ‘at is pertecor 
and at even 
earlier 


the plngo where the anua wil! arise; a, amnion; 4, sometopleare; St & KEK, 


hy apinuchnopleare, whereas in 

Teleosts it 

does not come to development on account of special subsidiary 
conditions.” 

‘The investigation of the embryonic fundaments of a Mammal fur- 

nishes us with views quite similar to those respecting the Chick. When 


* In Selachians the blastopore is very early enclosed within the medul. 
lary folds, and then assumes the condition of a long-persisting canal-like 
passnge to the intestinal cavity through the floor of the medullary groove, 
and later through that of the neural canal, 

Tn the case of Reptiles, the primitive streak is very short ond triangalar, 
‘and in many species soon discloses, before other organs have been differentiated, 
an opening at its anturior end which leads to the cavity under the germ-dise, * 
which is filled with yolk, Subsequently the opening Is converted {nto a canal, 
the wall of which ix composed of cylindrical cells, and is in continuity above 
with the outer germ: and below with the inner genm-layer, Then the 

n front of the orifice, grow around. 
it; the orifice now becomes a genuine neurenteric canal, which in many cases 
appears to become obliterated even before the closure of the medullary tube, 
‘Dut in other cases persists for a long time, 
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the embryonic area has assumed an oval form, the opacity at the 
posterior end, or the terminal ridge (fig. 63 Aw), which was compared 
with the crescont of tho Bird, elongates into the primitive streak ; 
the latter occupies the posterior half of the embryonic aren (fig. 89 
A pr), and exhibits a distinct groove, that is flanked by a right and a 
left ridge-like fold. (Compare with this the Chick as shown in fig. 85.) 


a 
4 
sc! 
ca 
° 0 
yr. 


Fig. 89 A.—Embryenie fundament of an $ days Rabbit, after KULLIKER. 
ary, Fandament of the eaubryo; pr, primitive streak, 


Fig. 89 B.—Vascular area () and embryonic fundament (ap) of a T-days Rabbit's egg, after 
Kum, 

4, Vasenlar aren (ares open): ag, embryonic fundament ; yr, primitive groove ; rf, medullary 
farrow, 


Afterwards there appears in this instance, just as with the Chick, a 
narrow opaque streak in the forward prolongation of the primitive 
streak,—its bead-procest,—and this divides the anterior portion of 
the germ into a right and a left half (fig, 90 &f). After some time 
there are developed on both sides of the head-process the medullary 
folds (fig. 89 8), which bound the broad medullary furrow (z/), and 
which, by forming a bow at their anterior ends, become continuous 
with each other; but posteriorly they diverge somewhat from each 
other, and embrace the primitive groove (pr). This stage correspond= 
to the condition of the Chick presented in fig. 86. 
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From this time forward tho anterior part of the embryonic area 
grows in length much more rapidly than the hind part with its 
primitive groove ; the latter remains almost unaltered in Mammals 
up to late stages of development, and thin diminishes in length, not 
only relatively, but also absolutely, 

Ca 


Fig. 1, 
Fig. 90.—Gorm-diso of an embryo Rabbit wich primitive streak, after Y. vaw Biosnoeat, 
ve, Prisaitive streak ; Af, head-proges ; Ak, Himmex’s node ; em, canalle neunenteriens 


ig. 91.—An embryo Rabbit with a part of the area pellucida 9 days after fertilisation, 
‘Magnified 22 diameters. After KULLINER. 


ay, Aves pellucid; 40, area opacs ; ¥, medullary plate in the region of eubseqient fest brains 
‘vesicle ; A", the same in the region of the subsequent mid-brain, where the medullary furrow 

‘a widening; 4°", the samo In the region of the mbesquent thint brain- 

‘Vesicle ; Ay, fundawont of the heart; ate, trunk zone (Stammsnne) ; ps, parietal zone ; sry 
remnant of the primitive strewk 


At the same time the embryonic area passes from the oval to a 
pronounced guitar-shaped outline, Such an embryo is represented 
in fig. 91, ‘fhe primitive streak (pr) is to be seen at its posterior 
end, partly embraced by the medullary folds (z/), The middle germ: 
layer is already fully developed, and in the future neck-region three 
pairs of primitive segments bave already been differentiated at the 
sides of the chorda, 

Just as there has been up to this stage an agreement with Birds 
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and Reptiles in other points, so there also is in the existence of 
neurentericcanal, At a rather early stage there is already noticeable, 
at the anterior end of the primitive streak, a small spot, at which, 
in consequence of cell-proliferation, a large amount of material is 
accumulated. It is known under the name of Hensen's node (fig 90 
Ak). This is important chiefly because a narrow canal, the canalis 
neurentericus (on), passes through it, and leads from the outside into 
the interior of the blastodermic vesicle, The presence of this canal 
has already been established by several investigators—by van 
Bewxvex in the Rabbit and the Bat, by Boxer in the Sheep, by 
Hears in the Mole, and by Grar Sree in a young human embryo. 
The latter exhibited n still widely open medullary furrow. At the 
beginning of the primitive groove there was a wide, roundish, 
triangular orifice, which traversed the germ-dise, and was surrounded 
by a ring-like elevation corresponding in position to Hensex's node, 

T have dwelt upon the primitive streak more at length, and have 
considered more in detail its first appearance and its topographic 
relations to other organs, because from a developmental standpoint 
it is w very important structure, and one the significance of which 
is still much discussed. For it corresponds to the blastopore of the 
lower Vertebrates, and is important as the region from which the 
middle germ-layer takes its origin. While I postpone an exposition 
of the grounds which warrant us in designating the primitive groove 
as blastopore, I shall at ones consider the development of the middle 
germ-layer, Information concerning this is to be got from cross 
sections, which should be made, as in the Amphibians, (1) in front 
of the primitive groove, (2) in the region of the groove, and (3) back 
of it, both in younger and older embryos. 

Tn embryonic fandaments which have reached the stages repre- 
sented in figs. 81 B, 85, and 89, the middle germ-Jayer is already 
begun in the immediate vicinity of the primitive groove, and causes 
the opacity which appears upon both sides and in front of it, Cross 
sections through the evphalic process of the primitive streak now 
allow the establishment of a complete agreement in one fundarmental 
point between Amphioxus and the Amphibia on the one hand, and 
Selachians, Reptiles, Birds, and Mammals on the othor. 

Along « narrove median streak, in the former groups in front of the 
blastopore, in the latter in front of the primitive groove, the embryonic 
Jndament is composed of only tio germ-layers, of which the lower is 
destined to become the chorda, At both vides of these regions the two 
Layered condition passes abruptly in all Vertebrates into a threelayered 

9 
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one, the outer germ-layer being followed by the middle layer, and this 
by the inner germ-layer. 

4 


Fig, £2 A and B.—Oross stotions through the germ-tise of  Selachian. Onpy after Bavrowe's 
‘PL IV., Fig. 8a, and PL TX. Fig. ta. 

Only the late halt of section A ie ropresmted. 

‘ad, Outer, Uh, lamer, vat, nilddle germ layer ; #4, ehiordta ; sp, tmobatlary plate ; ol, yolk. 


‘The conditions in detail assume in Selachians, Birds, and Mammals 
tho forms indicated by the accompanying figures (92-95). 

In the Selachians the medullary fold is well marked in cross 
sections (fig. 92 A mp). Beneath it there lies, as in Amphioxus and 
‘Triton, only o single layer of tall cylindrical cells (ch), the funda- 
ment of the chorda; laterally this merges into a many-layered mass 
of small cells, which is soon divided by means of a fissure into two 
distinctly separated lamellw—into the middle layor (m4), composed 
of small polygonal cells, and into the inner layer (ik), which here 
consists of a single layer of tall columnar cells, At the point in- 

chorda and the middle 

and inner germ-layers 

are continuous with one 

another, At a later 

stage (fig. 92 B) a se- 

paration of the three 

Fig, B1—Crots section through the blastoderm of acnice {"2daments takes place, 
inwhich the first traces of the chordaandthemedullay a in Triton, and we 
mete meee atee Barenane Dewer®, then havo (1) a round 
in front of the primitive streak. The part of the chordal rod (ch), which 
os tight of the fundament of thechonlale hn. boon formed by in- 
Hd, Ontor, we mablidle, tt, innet germlayers ch. fandament folding in the manner 

‘algal proviously described ; (2) 
at cithor side of it the small-celled mass of the middle germ-layer 
(mk), divided into halves by the chorda ; (3) the inner germ-layer 
(ik), the halves of which, soparated in the previous stage, are 
now growing under the chorda, and are about to fuse into a single 
layer, 
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A similar view is furnished by a cross section through the cophalic 
process of the germ of the Ohick (fig. 93). Under the outer germ- 
Jayer there is found in the median plane, in front of the primitive 
groove, only the fundament of the chorda (ch); at the point indicated 
by a star it is continued laterally into the small-celled middle germ- 
layer, and into the entoderin, which is composed of a single layer of 
very much flattened cells, 

‘The same is true for eres sections of Mammals (fig. 94) in corre- 
sponding stages of development. Thus, for example, the funda~ 
ment of the chorda (ch) in the cross section through the embryo of a 
Mole figured by Hxare is a single layer of cylindrical cells; it has 
already become curved into a chordal groove, such as has been repre- 
sented in fig. 79 A for Triton, Laterally it is continuous with a 
mass of small cells, which is resolved into two layers at the point 





Hig, ph—tree tien ‘through the embryonic area of a Mole which ia in about the stage of the 


‘Rabbit represented in Fig. 80 2. After Meare 
‘The section pases through the chordal grovve (ch) sctvewhat farther forward than the section 
‘eprestitnd in Fig. 97, which has encountered » region that is to be interpreted os the 


bisetopore, 
ak, Outer, mk, midille, 42, inner germ-layer; ch, fundament of the chorda, 


indicated by a star: (1) into the middle germ-layer (mk), composed 
of several layers of small cells; and (2) into the inner germ-layer, 
which, as before, appears as a single layer of flattened colls (ik). 

Tn a still more convincing manner vax Beep has shown, in his 
investigations upon the development of Mammals, that conditions 
exist in the formation of the middle germ-layer and of the body- 
cavity in this class which agree with those in Amphibia. The cross 
section (fig. 95) through the germ-disc of the Rabbit, taken from 
his work, is especially convincing, It shows the fundament of the 
chorda (ch) as a single layer of cylindrical cells, flanked on the right 
and left by the middle and inner germ-layers, The middle germ- 
Inyer consists of a parietal (mk') and a visceral (mk*) lamella of flat 
cells, the former of which is continuous with the fundament of the 
chorda, while the latter bends around at the point indicated by a 
star to become continuous with the single-lnyered epithelium of tho 


= 
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innor germ-layer (ik). The place where the bend occurs even pro- 
trudes distinctly as a lip into the ealenteron, as in the ease of the 
Amphibia. Except for these unions at the sides of the chordal 


‘Tig. 95.—Crons seetion through the germ-dise of an embryo Rabbit, after If. vax ews, 

4p, Outer, id, inner, m2, middle germa-layer ; mk’, parietal, ms*, visceral lamella of the middle 
igeesosayer; oA, oborta, 

fundament, the middle germ-layer is everywhere sharply separated 

by a fissure from the other two germ-layers.* 

Further agreement with the conditions which the investigation 
of Triton has furnished is afforded by a series of cross sections 
through the primitive streak—the obliterated blastopore. In the case of 
all Vertebrates, be Bt Os only placa the whole embryonic aree where 
all three germ-layers, although for only a short distance, are fused with 
one another, and cannot be distinguished as separate layers, whereas at 
the sides of this region they are separated by distinct fissures. 

” ak woo we ot 


ik a 


Fig. 96,—Oroas section through the middie of the primitive streak of « Chick's germ-diee, which 
is in the stage of development represented in Fig, 61 /. After Kouten. 

At same distance from the primitive groove is to be seen upon the left aide of tho figure in eros 
section the marginal groove of Hrs. Upon the right wile it ts as yet little developed. 

a4, Outer, U, (nner, me, middle yermolnyer; pr, primitive groove; pe, primitive streak ; 
97, marginal groove, 


Figure 96 represents a cross section through the embryonic area 
of a Chick in which the primitive groove is distinctly developed, 


* In the development of Mammals there has been observed at certain stages 
under the fundament of the chorda a peculiar structure, the so-called chordal 
canal, which fs not found in the other classes of Vertebaates, I mention it 
here only incidentally, because the publication of VAN BENxDEN's investiga- 
tions will doubtless furnish the desired explanation of ita origin and signi- 
fAicance, 
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but in which no traces of the medullary folds are to be observed. 
The outer germ-layer (ak) is composed of a single layer of tall 
cylindrical cells, the inner germ-layer (it) of a single sheet of 
greatly flattened elements. In the space between the two there 
penetrates at both sides of the primitive groove a mass of small cells 
in many superposed layers, the middle germ-layer (mk). In the 
region of the primitive groove (pr) this goes over continuously into 
the outer germ-layer, the cells of which are here found in prolifera- 
tion, whereas its lateral wings are separated from the outer layer by 
& fissure, The lower germ-layor is drawn by Konuen—from whose 
work the accompanying figure is taken—as being everywhere a 


| 
| 





Pig. 97.—Cross section through the embryonic ares of a Mole, which is in x stage corresponding 
approximately with that of the Rabbit repreaanted in Fig $9.8. Afvor Heare, 

‘Tho wetion pawes through the prituitive grovre, somewhat bebitul the cne represetited in Pig. 04, 

uk, Outer, (&, inner, su, iditle germ-layer ; w, primitive groove. 


separate sheet of flattened cells. It ix cleny, however, from other 
drawings and descriptions by Duvat, Rant, and others, as well as 
from the accounts in regard to the similar development of Reptiles, 
that for a certain distance underneath the primitive groove the 
middle germ-layer is as little to be distinguished as a separnte 
structure from the lower as it is from the upper germ-layer. 

Cross sections through the primitive groove of mammalian 
embryos are very instructive (fig. 97), According to Heapr's inves- 
tigations on the Mole, the groove (u) cuts deeply into a mass of 
small cells, At this place all three layers are fused together; and 
it is only laterally to this that they are separated by means of 
w distinct fissure, and that each is distinguishable by its character. 
istic kind of colls—the outer (ak) by its tall, the inner (ik) by its 
miich-flattened, and the middle (md) by its small, more spherical 
or polygonal cells. 

The conditions of the germ-dise of the Rabbit found by vax 
Beweves are especially distinct (fig. 98). At the deep incision 
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of the primitive groove (pr) all three germ-layers are joined to 
one another for a certain distance by means of a common cells 


wit ht yr ow 


lg, $0.— Grams tation Uhoeugh he primitive greere lashepers of a Rahs gemm-tian, after 
YAN Biers, 
‘Outer, (4, inner, wb, middle geem layer; mk’, parietal, mit, visceral lamella of the middie 
perm layer ; wf, lateral lip of the blastopore ; pr, primitive areore, 
mass, At the same time one may observe, with tolerable dis 
tinetness, how the outer germ-layer (ak) bends around into the 
parietal middle layer (m&) at the primitive fold (ul), while the 
visceral lamella (mA®) is continuous with the entoderm (i), which 
is only one cell thick, Indeed, in embryos of Rabbits and Bats, vay 
Bexepew in some cases observed between the primitive folds, or 


euler 
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Fig 99.—Croes section through @ human germ-diso, with epen medullary groove, in the 
vicinity of the neurenteric 

ob, Outer, i, Inner geravlayor: mk’, parietal, ws*, visceral lamelta of the middle germ-layer ; 
‘ul, lateral I{p of the blastopore : jv, primitive groave, 


blastoporic lips, a structure corresponding to the yolk-plug of 
Amphibia. 

It is certainly of great general interest that the investigation of 
an extraordinarily young human germdise at the hands of Grar 
Sree has fornished a cross section (fig. 99) which is near enough 
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like the one of the Rabbit here figured to be mistaken for it. In 
the case of the human embryo, one sees a deep-cutting primitive 
groove, and nt the ensily recognisable blastoporic lip (w/) the bend- 
ing over of the outer germ-layer (af) into the parietal lamella (mk), 
‘The viscera) Jamelia (rk?) is well separated from the latter for some 
distance ; under the primitive groove it is merged with the inner 
germ-layer, the edges of the potential folds of the two sides being 
fused into a mass of cells, which forms the floor of the primitive 


groove. 

Finally an agreement with the development of the Amphibia is 
not wanting in sections which are made through the embryonic 
areas of Birds, Reptiles, and Mammals behind the primitive groove. 
The middle germ-layer begins to spread itself out backward also, 
not, however, as in the anterior part of the embryonic area, in 
the form of paired fundaments, but rather as a single continuous 
cell-mass. This outgrowth too is united to the two primary 
germ-layers only in the region of the posterior end of the primi- 
five streak, being elsewhere distinctly separated from both of 
them. 

For the completion of the previous account, some statements 
about the further growth of the middle germ-layer may now be 
aided, concerning which cross sections through embryos of various 
ages afford evidence. The middle germ-layer spreads itself out 
on all sides between the two primary germ-layers, farther and 
farther from the place of its first formation—the vicinity of the 
primitive groove, At first it is limited to the fundament of the 
embryo itself, then it makes its way into the area pellucida, and, 
finally, it is encountered in the opaque area, Everywhere and 
constantly in its extension it appears as an entirely independent. 
layer, at least two cells thick, which is separated from its surround- 
ings by fissures. It is found to be united for a short distance with 
the inner and outer germ-layers, but only at the primitive groove, 
which persists for a long time,—in older embryos even,—as we havy 
already learned from surface-views. Even in the stage when the 
neurenteric canal traverses the primitive streak, and puts the 
eelenteric cavity (under the entoderm, fig. 100 Ay) in communication 
with the neural tube, we see the cellular lining of the canal and the 
middle gorm-layer fused, so that in this region a connection still 
‘exists between all three germinal layers. Compare the accompany- 
ding cross sections through embryos of Lacerta muralis. 

After the statement of the actual conditions, the questions remain 





ae 


136 EMBRYOLOGY, 


to be answered: (1) What is the meaning of the primitive groove? 
(2) How is the middle germ-layer developed ? 

In the interpretation of the primitive groove I place myself, as is 
to be sten from what precedes, wholly on the side of those investi- 
gators who, like Baurour, Harscurx, Kuerrex, Horrmaxn, vax 
Bennney, L.Gextacn, Rockers, and others, recognise in it a structure 


=< 


=f 
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‘Fig 100. —.Croas sections through the posterior 
‘end of a young embryo of Lacerta muralis, 
after Rateoun, 

4n figuce 4 the nourenterio canal fa eat length: 
wise: in figure 8 only an evagination of 
1, which in directed buckwanl. Sines the 
sections probably hae not ont the chlet 
axis of the embryo perpendicalarly, the 
tmiddle germ-layer is fused with the wall 
‘of the canal only on the right side in figure 
A, whereas in gure B the connection is 


equivalent to, but somewhat modi- 
fied from, the blastopore of lower 
Vertebrates, and whocompare the 
primitice folds to lateral blasto- 
porto lips closely pressed together. 
In my deseription of a previous 
stage I have already designated 
as blastopore the crescentic 
groove of Birds (fig. 52 B a) 
and the prostoma (fig. 55 «) 
of Reptiles, because that is the 
place where the lower germ-lnyer 
is infolded. In my opinion both 
grooves ure identical structures, 
which, by changes in position and 
form, have been so evolved, the 
one from the other, tat the 
fissure, which wax at first trans 
verse, hus become converted into a 


longitudinal one. For Reptiles 

Kurrrer bas established this to 
4 certainty. According to his figures in Emys Europa, eg., the 
transverse depression (tu) represented in fig. 101 A is converted at 
a later stage into the form shown in the adjacent figure (101 Bu). 
For the Birds the investigations of Duvat previously recounted 
{p. 121, fig. 82) are convincing. There is also to be taken into 
fecount the additional fact, that even as early as in the 
Amphina an exactly corresponding metamorphosis of the blasto- 
pore takes place. As the accompanying cuts (fig. 101 C and D) 
show, the blastopore of the Amphibian is, at its first appearance, 
a transverse fissure (fig. 101 Cu). ‘Thon it becomes circular, and 
embraces with its lips a protruding portion of the otherwise 
enclosed yolk-mass,—the yolk-plug,—becomes narrower, and is 
continued forward into a longitudinal groove. Finally it appears 
(fig. 101 Du) as a deop groove situated at the end of the 
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medullary furrow, with its small circular opening filled up with 
yolk-plug. 

Tn addition there are three important considerations which may 
be urged in support of the interpretation of the primitive groove as 
blastopore. 

First, the primitive streak, even when an open canal is wanting, 
is the only place in the whole germ-dise where a connection between 





Fig. 101, A and B.—A partion of s younser and of an older embryunic fundameat of Emys 
‘Eazopea, with the prestoma or blaatopars (e), atler Krenn. 

41, Lip of the blastopore. 

Cand D.—Two eggs of Triton tanlatua seen free the blastopore, one 90 hours, the other $3 hours 
‘after aztificial fertilivation. 

™, Baastoporo ; A, elevation between blastopore and dorsal groove ; f, semicircular furrow, which 
‘enclowes the blaatoporie area ; dy, yolk-plug. 


all the germ-layers is constantly present, as at the Amphibian 
blastopore. 

Secondly, the chief organs of the body, such as the chorda, the 
neural tube, and the primitive segments, are developed in front of 
the primitive streak in the case of the higher Vertebrates, just as 
they arige in front of the blastopore in Amphioxus and the Amphibia, 
Both blastopore and primitive streak occupy the posterior end of the 
body. The so-called cephalic process of the primitive streak is 
nothing else than the first rudiment of the chorda, 

Thirdly, one may still recognise in the openings—canales neu- 
renterici—which have been pointed out in the primitive streak at an 
earlier or later stage in its development, in the case of Birds, Reptiles, 
and Mammals, an indication that an open communication has 
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existed here from the beginning between the inner and the outer 
germ: ; further, that this communication has disappeared 
‘through the fusion of the blastoporic lips, but that it can be in part 
‘reistablished in consequence of more favorable processes of growth, 
At the same time the neurenteric canal, in cases where it reappears 
in the primitive streak, effects a very characteristic union between 
the posterior ends of the neural and intestinal tubes, in exactly the 
same manner in which the blastopore of Amphioxus, the Amphibia, 
and the Selachii does (compare fig. 80 with fig. 88 se). 

In the interpretation of the primitive groove as blastopore I am 
compelled to oppose a somewhat different view. Certain investi- 
gators (Banrour, Ravper, and others) recognise in the primitive» 
groove and the crescentic groove of meroblastic eggs only a small 
part of the blastopore ; they interpret as the major part of it the 
region which is encircled by the whole rim of the gernf-disce and is 
ee ieee reer a to which they give the name yolk- 

to their conception, as also according to 
the original assumption of Haxcken, the two-layered germ-disc is a 
flattened-out gastrula,—its blastoporic rim lying upon the yolk- 
sphere,—which gradually grows around the yolk, and finally takes 
the latter wholly inside itself, just as if it were a ball of food. The 
primitive groove is a small detached part af the blastopore, which is 
connected with the development of the middle germ-layer. The two 
parts become completely separated from each other, and are closed 
at different times, each for itself, the yolk-blastopore often late, at 
the pole of the yolk-sac which is opposite to the embryo. 

Such an assumption of a double blastopore appears to mo to be 
untenable. J propose that only that place of the germ be designated as 
blastopore at which, aa in the gastrulation of Amphiocus and the 
Amphibia, there actually occurs an invagination of cells, by meana of 
which the cleavage-cavity is obliterated. Such a process takes place 
in the Selachii only at the crescentic hinder part of the margin of 
the germ-dise, in the Reptiles and Birds at thesmall place designated 
as crescentic groove. It is also from this place alone that subse- 
quently the development of the middle germ-layer proceeds, 

The anterior margin of the germ-dise in Selachians, and, after the 
conversion of the crescentic groove into the primitive groove, the whole 


* Ravmun has suggested for the yarlous regions which he assumes for the 
Dlastopore the designations prostoma sulcatum longitudinale (primitive groove), 
prostowa suleatum Jalciforme (crescentic groove), and prostoma warginale 
(yolk-blastopore), 
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margin of the germ-dise in Birds and Reptiles have an entirely dif- 
ferent signification. This margin exhibits a very different relationship 
from that of the primitive streak or blastopore ; it isa peculiarity of 
meroblastic eggs, which is mest intimately associated with the origin 
of partial cleavage, Tt indicates the place at which the segmented 
portion of the germ meets the unsegmented portion—the place at 
which there lie in the yolk free nuclei, by means of which a supple- 
mentary cleavage is kept up until late stages in the process of 
development, until, in fact, the time when the two primary germ- 
layers have been formed by means of the invagination which 
cecurs at the blastopore. At the expense of the cell-material, which 
is constantly being augmented by supplementary cleavage, the germ- 
layers increase in extent at their place of transition into the yolk, 
and thus gradually grow over the unsegmented part, Whereas at 
the blastopore an invagination of cells already present takes place, there 
ensues at the margin of the gernvdise a formation of new cells, and 
thereby an inerease of the marginal part and an overgrowth of the 
yolk. I therefore propose for it the name circumerescence-margin 
of the yolk-sphere, There can be no such thing as a separate opening 
or a yolk-blastopore, because the yolk is an organic part of the germ, 
and is in egntinuity 
with the segmented 
part of it by means 
of the layer which 
contains the yolk- 
nuclei, 

If we would insti- 
tute a comparison be- 
tween animals with 
meroblastic eggs and 
theAmphibiaatastage 
when gastrulation is 
not yet completed, then 
the blastopore of the 

sour tr eer peestance naraeh Rutraiact Tete, Amphibia, which is 
auteron ; =, blastopore; dé, yolk-colle; df, doral, vt, indicated by the letter 
romirel WG ot the calenteren. « in the accompanying 
section through the 

gastrala of a Triton (fig. 102), corresponds to the prostoma of Rep- 
tiles, and to the crescentic and primitive grooves of Birds; the still 
‘exposed mass of yolk-cells corresponds to the yolk-material which is 
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not yet overgrown by germ-layers; the place marked by a star, at 
which in the Amphibia the transition from the small-celled layer 
to the mass of yolk-cells occurs, or the marginal zone of Gorrre, is 
comparable to the margin of circumerescence in meroblastic eggs. 

Tn the second place, the question arises: How is the middle germ- 
layer of Vertebrates developed? The answer is: By a process of 
fokling similar to that in the case of Amphioxus lanceolatus. This 
answer is substantiated by the fact that the individual processes in 
the development of the middle germ-layer may be correlated with 

ing processes in Amphioxus. 

Tn view of the fundamental importance of the matter, I formulate 
in a synoptic and precise manner in six paragraphs the points in 
reference to which it has been possible to establish an agreement in 
all Vertebrates, 

1, Before the echorda is formed, the germ in all Vertebrates is 
composed of two layers in the region of a median streak which lies 
in front of the blastopore and primitive groove. It is here composed 
of the medullary plate and the fundament of the chorda, which then 
shares in bounding the intestinal cavity. 

2. At both sides of this median streak the germ is three-layered, 
if we regard the middle germ-layer as a single one ; it is four-layered, 
if we allow that the latter consists of a parietal and a visceral cell- 
layer, which are originally pressed firmly together, and only later 
actually separated by the appearance of the body-cavity. 

3. In no Vertebrate do the middle germ-layers arise by fission, 
either from the outer or the inner germ-layers, because they arc 
everywhere, except in a very limited region of the gorm, sharply 
separated from both by means of s fissure, 

4. A connection of tho middle germ-layors with the neighbouring 
cell-layers takes place only ; (a) at the blastopore or primitive groove, 
where all four (or three) germ-layers are joined together, and (6) at 
both sides of the fundament of the chorda, 

5. One observes the first fundament of the middle germ-layers at 
the region of the germ just mentioned, and sees it spread itself ont 
from here—ie., from the periphery of the blastopore or the primitive: 
groove, and from both sides of the fundament of the chorda 
—forward, backward, and ventrad or laterad, In front of the 
blastopore it appears in the form of paired fundaments separated by 
the fundament of the chorda; behind the blastopore, on the contrary, 
asa continuous structure. 

6, While the chorda is being developed, the two paired fundaments 
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of the middle germ-layers detach themselves from the adjacent cell- 
Inyers at the sides where their ingrowth took place, and at the same 
time the halves of the permanent entoderm grow together, whereby 
the dorsal closure of the intestine is effected. 

In view of theso facts there is only one explanation at which we 
can arrive. If it is certain that the middle germ-layers do not 
arise by a fission én loco from either of the primary germ-layers, 
then their gradual spreading out from a definite region of the germ 
an result only from an ingrowth of cells, which occurs from those 
places where a connection with other cell-layers has been demon- 
strated. The middle germ-layers draw the principal material for 
their growth from cells which, at the blastopore or at the primitive 
groove, migrate between the two primary germ-layers, 

“But this immigration of cells may be interpreted as a process of 
infolding of the primary gérm-layers, as in the case of Amphioxus, 
In the method of the infolding there exists, it is true, one very 
striking and apparently important difference between Amphioxus 
and the remaining Vertebrates. In Amphioxus the middle germ- 
layer arises as a hollow sac, by means of the folding of the inner 
germ-layer—in the remaining Vertebrates as a solid mass of cells. 
This undeniable difference is, however, casily explained in the 
following manner: In the solid fundaments of the middle germ- 
layer a cavity is wanting, because the cellular walls of the sac are 
from the beginning firmly pressed together, in consequence of the 
yolk-mass which fills the cvlenteron. In addition to other striking 
agreements with the conditions in Amphioxus lnnceolatus, there are 
three points of view which in particular commend this interpretation :— 

(1) In all vertebrated animals there carly arises in the middle 
germ-layer a fissure, which is surrounded by cells, often cubical or 
cylindrical, having an epithelial arrangement. The parictal and 
visceral layers then take the form of epithelial lamelle, as is to be 
seen in an especially striking manner in the case of the Selachii at 
a very early stage of development, (2) From these epithelial layers 
there ariso in the adult genuine epithelial membranes, like the 
ciliated peritoneal epithelium of snany Vertebrates, and, in addition, 
glands that in many respects resemble the glands derived from 
epithelial membranes [of the other germ-layers] (kidney, testis, 
ovary). (3) The objection that the middle germ-layer of Verte- 
brates arises as a single cell-mass, and therefore cannot be equi- 
valent to two layers of epithelium, loses its weight with every one 
who knows the numerous analogous phenomena of development 
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occurring elsewhere, in which organs that should be hollow are at 
first developed as solid masses of cells. “We shall hereafter cite as 
such the solid fundament of the neural tube in Bony Fishes, many 
sensory organs and the most of the glandular sacs, which latter 
arise as solid buds of epithelial Iamelle, and only later, when they 
become functionally active, acquire a cavity by the separation of 
their cells, 


Sommany. 
A, The blastula, 
1, Ont of the mass of cleavage-cells (morula) there is developed 
in all Vertebrates a saclike germ (blastula) with cleavage-cavity, 
2. There are four different kinds of blastule in Vertebrates, 
according to the amount and distribution of yolk. 

(a) In Amphioxus the cleavuge-cavity is very large, and its 
wall consists of a single layer of cylindrical cells of 
nearly uniform size. 

(6) In Cyclostomes and Amphibia the cleavage-cavity is small : 
one half of the wall of the blastula is thin, and composed 
of one or several layers of small cells; the other half is 
considerably thickened, and formed of large yolk-cells 
arranged in many superposed layers, 

(c) In Fishes, Reptiles, and Birds (meroblastic eggs) the 
cleavage-cavity is small and fissurelike or wanting. 
Only its roof or dorsal wall consists of cells (germ-disc) ; 
its floor or ventral wall, on the contrary, consists of the 
yolk-mass which has not been divided into cells, but 
which contai yolk-nuclei i in the vicinity of the mangin 


projects into the cavity, 


B. The cup-shaped larva or gastrula with two germ-layere. 
uit of the blastula, by the invagination of 
©, & twolayered form, the beaker-larva or 


2. "he two layers: of the double beaker are the outer and the 
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inner gorm-layer (ectoblast, ontoblast); the fissure separating the 


two layers 


is the obliterated cleavage-cuvity; the cavity resulting 


from tho invagination is the caentoron, its external opening the 
primitive mouth (blastopore, prostoma, crescentic groove, primitive 


groove). 


3. The four kinds of gastrulm qprrespond to the four kinds of 


blastule, 


(a) In Amphioxus the colenteron is wide, and each germ: 


layer is made up of a single sheet of cylindrical cells. 


(t) In Cyclostomes and Amphibia the mass of yolk-cells is 


(ce) In 


accumulated on the ventral wall of the colenteron in 
the inner germ-layer, and causes a protuberance, by 
means of which the colenteron ix reduced to a fissure. 
Fishes, Reptiles, and Birds the process of invagination 
remains confined to the germ-dise, since the unsegmented 
yolk, on account of its considerable volume, cannot be 
made to share in the invagination. The germ-dive 
becomes two-layered by means of an ingrowth of cells 
at the crescentic groove (blastopore). ‘The yolk acquires 
a cellular boundary very slowly and at a late period ; 
it is overgrown by the margin of the germ-<disc, 
when the supplementary cleavage (yolk-nuclei) takes 
place. 

The outer germ-layer spreads itself out and envelops 

the yolk most rapidly ; then follows the inner, and finally 
the middle layer. 
Mammals the inner germ-layer is developed from the 
thickened region of the blastula, probably by means of 
an invagination, because at a later stage an orifice of 
invagination, comparable with the primitive groove of 
Birds, or a blastopore, can be demonstrated. At the 
beginning of its development the innor gorm-layer 
terminates below in a free margin, so that the calen- 
teron is for a time closed in on the ventral side by the 
outer germ-layer only, a peculiarity which is comparable 
with the conditions in Reptiles and Birds, if we conceive 
the yolk-material to have disappeared in this instance 
before it is completely surrounded by the inner germ- 
layer. 


4, In Vertebrates the gastrula presents a sharply expressed 
bilateral symmetry, so that one can easil distinguish the future 
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head and tail-ends, the future dorsal and ventral sides of the body. 
‘The blastopore (crescentie groove, primitive groove) marks the 
posterior end. The ventral side is characterised by being the place 
where the segmented or unsegmented yolk-material comes to lie. 


C. The embryo with four germ-layers and a body-cavity. 

1. In all Vertebrates there are formed from the roof of the 
calenteron two lateral eraginations of the inner germ-layer, by 
means of which the eelenteron is divided into a median cavity, the 
secondary intestine, and two lateral cavities, the two body-sacs. 

2. The primary inner germ-layer is resolved in consequence of 
this process of evagination into three parts :— 

First, the epithelial lining of the intestinal tube (secondary 
inner germ-layer—Darmdriisenblatt). 

Secondly, the epithelial lining of the body-cavity, or the middle 
germ-layer, in which a parietal and a visceral layer are 
distinguishable. 

‘Thirdly, the chorda, which takes its origin from the portion of 
the primary inner germ-layer which lies between the 
lateral evaginations from the roof of the celenteron, 

3. Two modifications of the process of evagination can be reeog- 
nised in the ease of Vertebrates. 

(a) In Amphioxus the evaginations are small, numerous, and 
segmentally arranged; provided from the first with a 
envity ; and, beginning in the fundus of the calenteron, 
developed toward the 

(b) In the remaining Vertebrates, instead of hollow sacs, there 
grow out from the inner germ-layer two solid masses of 
cells :-— a 

(1) In the vicinity of the blastopore (primitive groove, 
peristomal mesoblast), 

(2) From here forward along the roof of the colenteron, 
at a slight distance from the median plane, at both 
sides of the fundament of the chorda (gastral 
mesoblast). 

Tho paired fundaments spread themselves out from 
their place of origin between the two primary gorm- 
layers farther forward and ventralward. 

4. The three organs derived from the primary inner germ-layer 
(middle germ-layer, fundament of the chorda, secondary inner germ- 
layer) are separated from one another by constrictions. 
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First, the body-scs are detached from the fundament of the 
chorda and the entoblast, whereupon the edges of the 
parietal and visceral lamelle, thus set free, fuse with 
each other. 

Secondly, the fundament of the chorda is bent into a chordal 
groove, and this is converted into a solid rod, which is 
completely isolated from the entoblast. 

Thirdly, the entoblast closes together into a tube with a dorsal 
raphe. 

5. The development of the three fundaments, as also that of 
various other organs, begins at the head-end of the embryo, and 
advances from here toward the blastopore, where for a long time a 
continual formation of new parts and an increase in the longitudinal 
growth of the body take place. 

6. During the development of the middle germ-layer, the blasto- 
pore of the Amphibinns, Fishes, Reptiles, Birds, and Mammals has 
been metamorphosed into a groove occupying the longitudinal axis 
of the embryo (primitive groove of the higher Vertebrates). 

7. The blastopore and the primitive groove in later stages of 
development undergo degeneration, and are not converted into any 
organ of the adult, (For the details of this, see Part TL) 

8, Before their disnppearance the blastopore and primitive groove 
‘are surrounded by the medullary folds and taken into the terminal 
part of the neural tube, whereby a direct communication between 
neural tube and intestinal tube—the neurenteric canal—is effected, 
‘The two organs, which communicate with each other for a long time, 
are later separated by its closure, 


CHAPTER VII, 
HISTORY OF THE GERM-LAYER THEORY. 


‘Tie fundamental facts of the sheet-like structure of the vertebrate 
body, which linve been treated of in the two preceding chapters, are 
epitomised as the doctrine of the germ-layers, or the germ-layer 
theory. Since this theory is of the most far-reaching significance 
for the comprehension of tho evolution of form in animals, and can 
be placed side by side with the cell-thoory as cofqual with the latter, 
I devote « separate chapier to its history. 
10 
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‘The very earliest establishment of the germ-layer theory is as%o- 
ciated with the most celebrated names in the field of embryology : 
Caspar Purepsica Wourr, Paspes, and Cart Eansr von Barr. 

Caspar Frigpricn Wo rr, the discoverer of the metamorphosis of 
plants. who, even before Gorrre, had clearly and distinctly stated 
that the various organs of the plant, as, for example, the separate 
parts of the flower, have been developed by various modifications of 
leaf-like fundaments, also established the metamorphosis of animals, 
for which he endeavoured to found a similar law of development. 

He showed in his important work on the formation of the 
intestinal canal of the Chick, that it originally appeared in the egg 
as a leaf-like structure, and that this afterwards became folded into 
a groove, and finally converted into a tube. 

He conjectured that the remaining systems of organs might arise 
in a similar way, and appended to the account of the development of 
the intestinal canal the significant assertion : “It appeara as though 
at different periods, and many times in succession, various aystems 
might become formed after one and the same type, and as if they 
might be on that account similar to one another, even though they 
are in reality different. The system which is first produced, which 
is first to take on a specific form, is the nervous aystem, When 
this is concluded, then the fleshy mass, which really makes up the 
embryo, is formed after the same type; then appears a third, the 
vascular system, whieh certainly . . . is not so unlike the first ones 
that the form described as common to all systems could not be easily 
recognised in it, After this follows the fourth, the intestinal canal, 
which, again, is formed after the same typo, and appears as a com- 
ploted independent whole, similar to the first three.” 
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ho remarks, “it is never to be regarded as anything else than a 
metamorphosis of the digstoderm and its layers, endowed as they are 
with an inexhaustible store of formative energy.” A few years 
later the germ-layer theory reached at the hands of Cart Exyst yor 
Baru a preliminary completion, which eorved for some time. vow 
Bax, likewise a pupil of Doutaxaen, bad observed in Wiirzburg the 
beginning of the investigations of his young friend, Pannen. In 
laborious studies pursued for many years, Baer followed with 
wonderful accuracy the origin of the germ-layers and their meta- 
morphosis into the individual organs of the adilt body, principally in 
the case of the Chick, but also in the case of some other Vertebrates, 
and recorded his investigations in his classical work, “ Ueber Entwick~ 
lungsgeschichte der Thiere, Beobschtung und Reflexion," which is 
unsurpassable both in observations and in its general standpoints. 

Barn diffors from Papen in mnintaining that each of the 
two primary germ-layers, which he distinguishes as animal and 
vegetative, subsequently divides into two sheets. The animal 
germ-layer divides itself into dermal lamella and sarcous lamella 
(Hautscbicht, Fleischschicht), the vegetative into mucous lamella 
and vascular lamella, so that now four secondary germ-layers have 
arisen. The individual organs are developed out of the germ-layers 
by morphological and histological differentiation. 

A further advance beyond that of Bagr could not be attained 
until, with the establishment of the cell-theory, entirely new points 
of view were introduced into morphology and, with improved con- 
struction in microscopes, methods of investigation were refined. 
Tt is chiefly Rewax and Kictrxer who have promoted the germ- 
Jayer theory in this direction. 

Remax took in hand successfully in his noted investigations on 
the development of Vertebrates the very important question, how 
the originally similar cells of the germ-layers aro related to the 
tissues of the completed organs, He showed that out of the lowest 
of the four germ-layers there proceed only the epithelial and glan- 
dular cells of the intestinal tube and its appendages, that from the 
uppermost Inyer the epithelial cells of the epidermis, the sensory 
organs, and the nervous tissue arise, whereas tho two middle layers 
furnish the mechanically sustentative substances and the blood, the 
muscular tissue, and the urinary and sexual organs, 

Tn regard to the manner in which the four secondary germ-layers 
arise, Remax differs from Barn. Out of the two primary germ 
Tnyers he first makes a third one, the middle germ-layer, arise, and 
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The four secondary germ-layers of voy Barn come into existence 
subsequently by a repetition of the fission, whereby the middle germ- 
layer is split, at least in its lateral portions (lateral plates), into the 
dermo-fibrous layer and the intestino-fibrous layer (Hautfaser- und 
Darmfaserblatt), between which arise the thoracic and body-cavities, 

Remax in his account approximates the true state of affairs, as 
detailed in the precefing chapters, more nearly than von Baer; 
however, both made the same mistake of interpreting the formation 
of the germ-layers as always a process of disassociation or fission. 
‘That is also the rock on which were wrecked the researches of numer- 
ous other investigators, who in the decennary succeeding Remax 
dealt with the important question of the origin of the gorm-layers. 
‘It was difficult to decide this question for the higher Vertebrates, 
which have beon most frequently investigated ; so that very contra- 
dictory opinions were expressed relative to the development of the 
middle layer—whether it was exclusively from the lower (Remax), 
exclusively from the upper, or from both layers. 

‘This question could be clearly understood only upon the establish- 
ment of new general standpoints. These could be acquired only by 
the comparative method, and by the study of lower Vertebrates and 
the Invertebrates, 

Two fundamental processes needed to be better comprehended — 

(1) How are the two primary germ-layers developed ? 

(2) How are the two middle germ-layers developed ? 

By means of the comparative developmental method, one question 
has been brought nearer to a solution in the gastrea-theory, the other 
tn the I 
In the stndy of the first problem, which was the earlier solved, 
Hoxier and Kowatevexy, Harcken and Rar Laskester, have 


of the Protozoa, the body of every invert 
of layers, which may be compared with 
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were equivalent to the serous and the mucous layers of Barn. 
Soon after this (1853) Attax introduced for the layers of the 
Corlenterates the names, which are now so much employed, ectoderm 
and entoderm; subsequently use was also made of these for designat- 
ing the embryonic layers. 

‘The germ-layer theory was promoted to a still greater degree by 
the Russian zoilogist Kowatzvaxy, who made us acquainted in 
numerous excellent detailed investigations with a profusion of 
important facts concerning the embryology of Worms, Cxelenterates, 
Molluscs, Brachiopods, Tanicates, and Arthropods. He produced 
evidence that in all the Invertebrates which ho investigated two 
germ-layers are formed at the beginning of development, and that 
in almost all cases, when the process of cleavage is at an end,a 
cellular sac arises, and that this, by the infolding of a part of the 
wall, becomes converted into a double cup, the cavity of which, 
enclosed by two germ-layers, communicates with the outside by 
means of an opening. He succeeded in establishing the existence 
of this very important cup-shaped larva (gastrula) in many branches 
of the animal kingdom, 

Tn this connection should be mentioned the services of several 
other embryologists, who at a still earlier period had observed in 
isolated onses the cup-shaped larva and ite origin by means of 
invogination. Rvuscoyt and Remax had described the cup-shaped 
larva of Amphibia, Geceseaun that of the Sagitte or arrow-worms, 
Max Scnuurze that of Petromyzon. 

Whereas Kowauevsky by his series of investigations enriched our 
knowledge of material facts, Hazcker first sought to utilise the 
same for a general theory, since by the process of morphological 
comparison he brought into association hitherto disconnected obser- 
vations. Starting from the development and the anatomy of the 
Sponges, he compared the layer-like structure of the embryos of all 
unimals with the layer-like structure of the Colenterates, and pro- 
duced as the fruit of this study the celebrated gastrera-theory, which, 
attacked on many sides at the time of its publication, has now 
found in its essential substance general acceptance, and has given 
the impetus to numerous investigations. Hazoxet showed that in 
the development of the various classes of animals from the Sponges up 
to Man a single form of the germ makes its appearance, the gastrula, 
which consists of two cell-layers, and that the two cell-layors of 
the various embryonic forms are comparable to one another or 
homologous. The gustrula in its simplest condition presents, as 





the various forms arise by a process of invagination from a 
simpler fundamental form, the blastula, which is the final result of 
the cleavage process.* 

‘Hascket published his excellent gastraa-theory in two articles in 
the Jenaische Zeitschrift: (i) Dis Gakttsasbiecels, die phylogensitects: 
Classification des Thierreichs, pare Sua accent a ee cient 


now ideas : “ On the Primitive Celllayers of the Embryo as the Basis 
of Genealogical Classification of Animals.” 

Both Harcket and Laxxesren failed to point out how the forma~ 
tion of the gastrula takes place in some of the divisions of Verte- 
brates—in Fishes, Reptiles, Birds, and Mammals. Essential service 
in the establishment and explanation of numerous questions of detail, 
which remained unsettled in the gastrea-theory, has been rendered 


by Batrovn, vax Bexroux, Gretacu, Gorrre, Horrmany, Kouurn, 
Raven, Reexenr, Sxcuyca, Duvar, and others. 

‘Thus through Harcxet’s gastrwa-theory the following points were 
gradually cleaved up: (1) The two primary germ-layers, which form 
the foundation for the development of both Invertebrates and 


* It should be bere stated that even Oxex and C. Enxst v. Bach had 
set forth, although in @ very indefinite manner, the importance of the vesioular 
form for the development of the animal body. OxEx was an opponent of the 
germ-layer theory of WoLry. In a criticism of PAxpen's investigntions he 
exolaimod with emphasis and a certain justice: “The facts cannot be so. The 
body urises out of vesicles and never ont of layers," and be added the very 

it remark: “ It appears to me as if it had been entirely forgotten that 
the yolk and the yolk-membrane, which is a vosicle, belong exsentially to the 
ody of the germ ; that the embryo docs not swim upon it like a fish in the 
water, nor le upon it like m funnel on a cask.” 

In # similar manner BAER remarks, but without further expounding the 
relation to the germ-layers: “Since the germ is the undeveloped animal itself, 
one can affirm, not without reason, that the simple vesicular form is the 
common fundamental form, out of which all animals are developed, not only 
ideally, but historically.” 
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Vertebrates, arise, not through disassociation or fission, but through 
infolding of on originally simple celldayer.* (2) These are com- 
parable with one another or homologous, because they are developed 
according to the same process, and because the two fundamental 
organs of the body, the layer which limita the body externally 
(the ectoderm) and the layer which lines the digestive cavity (the 
entoderm), arise from them. (3) The intestinal canal of all animals 
arises by invagination. , 

In the question as to the development of the middle germ-layer 
Havcke. remained at the traditional standpoint, and inclined most 
to ©. E. vor Barnr’s view that the parietal lamella arose by fission 
from the outer primary layer, and the visceral lamella from the 
inner germ-layer. Most embryologists, who worked on the develop- 
mont of Vertebrates, entertained, on the contrary, Remax’s view, 
and made the whole middle germ-layer arise from the inner 
‘by fission. 

‘They regarded the body-cavity as a fissure in the middle germ- 
layer, and compared it with other lymphatic spaces, such as occur in 
the connective tissue at various places in the body. 

‘The correction of this view was undertaken by various persons 
in the same manner as in the case of the primary gérm-layers, By 
detailed study of the formation of the germ-layers in the Chick 
and Mammals, Kouurker found that the middle germ-layer did not 
simply split itself off from the inner, but thatit arose from a limited 
region of the blastoderm, namely, from the primitive groove, where 
the two primary germ-lnyers are continuous He maintained that 
from this region it grew out between tho two primary germ-layers 
as a solid cell-mass, and that subsequently the body-cavity appeared 
in it by means of ita fission into two layors, This was an essential 
4ulvance in the representation of the actual state of affairs. 

Bat « deeper insight into these embryonic processes in Vertebrates 
was first acquired in this case also through the study of Invertebrates, 
especially through the important discoveries of Mirrscuxikorr and 
Kowaxevsry concerning the formation of the body-cavity in Echino- 
derms, Balanoglossus, Chmtognathi, Brachiopods, and Amphioxus. 
‘The former fourid that m the larva of Echinoderms and in Tornaria, 
the larva of Balanoglossus, the walls of tho body-cavity are formed 
from evaginations of the intestinal canal, But a still greater sensation 


ft is still affirmed by several authors for certain Invertebrates that the 
inner germ-layer develops, not by infolding, but by a splitting off or delamina- 
tion from the outer gorm-layer. 
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was created when Kowarevysky in 1871 published his “ Embryology of 
." and showed how the celenteron of the gastrula was divided 

by two folds into three cavities,—into the secondary intestinal cavity 
und into the body-cavities: this discovery was afterwards fully con- 
firmed by the investigations of Borscutt and the author. After a 
short interval, Kowaneysky's account of the development of Sagitta 
was followed by his work on Brachiopods, in which be again enriched 
science with the new and important fact, that in this class also the 
body-cavity was formed in the same way as in the case of the 
Chmwtognaths. This was followed by his fundamental work on 
Amphioxus, 2 

‘Through the important discoveries made on Invertebrates, Huxier, 
Laxxesren, Batroun, my brother and I wore stimulated to 
theoretical speculations concerning the origin of the body-cavity 
and the middle germ-layer in the animal kingdom. 

Hexury distinguished three kinds of body-cavity according to their 

origin; (1) an enteroca?, which arises as in Sagitta, ete., from evagi- 

Satices of the calenteron ; (2) a achizocel, which is developed by 
means of fission in a mesodermal connective substance lying between 
the integument and the intestine ; (3) an epiccel, which is formed by 
an invagination of the surface of the body like the perithoracic 
space of the Tunicates. The last kind, Huxtey thinks, may perhaps 
correspond to the pleuroperitoneal cavities of the Vertebrates. 

Laskesten makes Huxcey’s paper his starting-point. He gives 
preference to the hypothesis of the common origin of the body- 
cavity in all animals until decisive proof of diverse origins is 
produced; and, in fact, he makes the schizoce:l arise out of the 
enteroca:l in the following manner. Evaginations of the celonteron 
have lost their lumen, and therefore are begun as solid cell-masses, 
which only subsequently acquire a cavity. While Laxxrsren in 
this, as well as in a second publication, overlooks existing differences: 
in his effort to reduce everything to a single scheme, Baurovr in 
various essays takes more fully into account in his speculations the 
actual condition of affairs; he also limits himself chiefly to the 
explanation of the conditions in Vertebrates. In investigating the 
development of Selachians, he made the important discovery that 
the middle germ-layer arises from the lateral margins of the primi- 
tive mouth, and at first consists of two separate massex of cells, 
which grow out forwards and laterally into the space between the 
two primary germ-layers. Since in each cell-mass a separate cavity 
soon makes its appearance, he designates the body-cavity as from the 
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beginning a paired structure, and compares it to the body-scs 
which are developed in Invertebrates by evagination from the 
calenteron. Bavroun justly alleges that the originally solid con- 
dition of the two fundaments can have no weight against his inter- 
pretation, since in numerous instances organs which ought properly 
to contain cavities aro developed solid, and subsequently become 
hollow, as, for example, in many Echinoderms one encounters solid 
cell-masses in place of hollow evaginations of the coelenteron. 

Led by theoretical considerations similar to those of the English 
morphologists, my brother and I, by a thorough comparison of de- 
yelopmental and anatomical conditions, and with due regard to the 
morphological and histological structure of organisms, then en- 
deayored to bring to a solution this question of the day,—the question 
of the development of the body-cavity and the middle germ-layers,— 
by systematic investigations (published in “Studien zur Bliitter- 
theorie”), which extended over Invertebrates and Vertebrates. 
‘The results of these series of investigations were published in two 
articles: (1) in the “Calomtheorie, Versuch oiner Erkliirung des 
mittleren Keimblattes,” and (2) in the “ Entwicklung des mittleren 
Keimblattes der Wirbelthiere.” 

In the first paper, in order to prepare the way, we were con:pelled to 
give the term germ-layer a more precise definition. We designated 
as such @ layer of embryonic cells which ave arranged like an 
epithelivm and aeree for the limitation of the surfaces of the body. 
At the close of segmentation there is only one germ-layer present ; 
namely, tho epithelium of the Mastula, The remaining germ-layers 
arise from it by the processes of invagination and evagination, The 
tuner germ-layer is formed by means of gastrulation, the two middle 
germelayers by the formation of the body-cavities, in that tico body-eace 
are evaginated from the ecelenteron, and grow out between and separate 
the two primary germ-layera. There are, in the first place, animals 
which are formed of two germ-layers, and possess in their bodies only 
one cavity, a eolenteron, produced by invagination (Calenterata 
and Pseudoceelia), and, secondly, animals with four germ-layers, 4 
secondary intestine, and a body-cavity derived from the celenteron— 
an enteroce]. To the two-layered animals belong the Celenterates 
and the Pseudocels, but all four-layered animals are Enteroceels. 

From this standpoint we endeavored to prove that hitherto there 
had been confused under the conception “ middle germ-layer" two 
things which are genetically, morphologically, and histologically 
eutirely different, 





1st 


Besides the cell-layers which arose by invagination there had been 
assigned to the middle germ-layer cells which detach themselves 
individually from the primary germ-layers, and give rise between 
the epithelial layers of the body to the sustentative substances, and 
also to the blood, when such exists, Embryonic cells of that kind, 
which are formed by emigration into the space surrounded by 
the gorm-layers, wo named the mesenehymatic germ, and the tissue 
produced from them mesenchyme. This occurs as well in two- 
lnyored as in four-layered animals, In our opinion a sharp distinction 
must be made between tho formation of germ-layers, which is 
correlated with the morphological differentiation of the body, and 
the formation of mesenchyme,—which will especially engage our 
attention in one of the next chapters,—if clearness and a uniform 
principle are to be introduced into the whole germ-layer theory. 

In tho second article it was our aim to show that in the Vertebrates 
a middle germ-layer is developed by infolding. For that purpose 
the development of Amphibia, Fishes, Reptiles, Birds, and Mammals 
was compared with the development of Amphioxus, and thus was 
acquired the foundation upon which is based the account of the 
development of the middle germ-layer given in the preceding chapter. 

After the publication of these two papers, there appeared numerous 
articles by van Beevers, Dovat, Hearz, Horraaxnx, Konuiker, 
Kortmayn, Rant, Rtokenr, Srrant, Warperer, and others, through 
which valuable facts concerning the development of the middle germ- 
layer in the different classes of Vertebrates have been made known. 
Tn some of these the chief points of view of the celom-theory were in 
general recognised as correct, attempts were made to modify details, 
but especially was the question of the formation of the mesenchyme 
of the Vertebrates actively discussed. 


The mechanical principle or the process of development, by means of 
which the germ-dlayers are formed, and out of these the separate organs, 
is appreciated in its full significance by only a few, and in text-books 
particularly has not been adequately presented. 

Among the founders of the germ-layer theory, Paxpex best com- 
prehended this principle. “The blastoderm,” he says in one place, 
“forms, exclusively through the simple process of folding, the body 
and the viscera of the animal, A delicate thread attaches itself as 
the spinal cord to it, and scarcely has this taken place, when tho 
blastoderm sends the first folds, which themselves necessarily designate 
the position of the spinal cord, as an envelope over the exquisite fila~ 
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ment, thus forming the first foundation of the body. Hereupon it 
produces new folds, which, in contradistinction to the first, give shapo 
to the abdominal and thoracic cavities, together with their contents. 
And for the third time it sends out folds to envelop in suitable 
membranes the foctus, which is formed out of it and by means of it. 
‘Therefore it need not surprise any one if, in the course of our 
narration, so much is said about folds and envelopes." And in 
order to avoid misunderstandings he adds in another place the 
important statement that “wherever anything is said about the 
folds of the skin, one is not to imagine a lifeless membrane, whose 
mechanically produced folds would necessarily spread themselves over 
the whole surface, without allowing themselves to be limited to a 
definite space. The folds which cause the motamorphosis of the skin 
are mthor themselves of organic origin, and are produced at the 
appropriate place, either through increase in the size of the spherules 
already present there, or through an accession of new spherules. 
without the remaining part of the blastoderm being thereby altered.” 

Panner's successors have expressed themselves concerning the 
mechanism of foldings much leds clearly ; the most of them, indeed, 
notatall, The whole doctrine was in fact condemned by Rupoten 
Wacnen as positively erroneous. “It will occur té no one,” he says 
in his “Lehrbuch der Physiologie," “to imagine the three germ- 
layers to be like the leaves of a book. No ono will entertain the 
mechinical conception that the embryo arose by a folding process of 
these three layers.” 

After Paxprr, Lorze was the next to be occupied with the 
“ Mochanik der Gestaltbildung,” as has been pointed out by Ravner 
in a meritorious history of this topic. He designates “unequal 
growth ” or “unequal vegetation” as the cause of the changes of 
place, which in part only appear to be shiftings, out-pocketings, 
invaginations, or extensions, but in part are actually such, being 
brought about in this way by mechanical traction and pressure. 

In vory recent times His has prosecuted the study of embryology 
from the mechanico-physiological standpoint more intensely than all 
his predecessors, and has also particularly emphasised the signiti- 
cunce of the process of folding for the formation of the body. The 
two principal writings of His in this connection are: “ Unter- 
suchungen iiber die erste Anlage des Wirbelthierleibes” (1868), 
and “Unsere Kérperform und das physiologische Problem ihrer 
Entetohung” (1874), While I refer for details to the original papers, 
I remark that, notwithstanding manifold agreements, I cannot 
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in important 
His (1874, p. 50) 


Sai punt polos ie oa 

Faced with te! Dacia Sid) stapbaingh Of slastio” platen’ As 
Paxpen has already emphatically stated, one is not to imagine in 
the folding processes a lifeless membrane, but rather the folds are 
themselves of organic derivation, called forth at the proper place by 
a cell-multiplication at that place, For this reason, too, HarcKen 
in his polemic, “Ziele und Woge der heutigen Entwicklungs- 
xeschichte,” has attacked this method of treating embryology, © 
introduced by Hrs, 

‘That the morphological differentiation of the animal body primarily 
rests upon a process of folding of epithelial lamelle, my brother and 
Thave endeavored, by means of an abundant series of observations, 
to demonstrate in a still more exhaustive anner than our pre- 
decessors. In our “Studien zur Blittertheorie” we have, in the first 
place, directed attention to the Colenterates as the animal organisms 
in which the principle of the formation of folds is most clearly 
shown throughout the whole organisation, even into details; and, 
secondly, we have endeavored to establish for Vertebrates that 
organs like the body-cavity, chorda, and primitive segments, which 
it was claimed arcse by a separating and splitting of cell-layers, 
likewise come into existence through the typical process of foldings 

Finally we have endeavored to point out # physiological cause 
for the unequal growth of a cell-membrane, and have found such in 
the Colenterates in the unlike functional activity of its various 
gions. Parts of a membrane will grow more rapidly and must 
become infolded, when in consequence of their position they are 
called upon to accomplish more than neighboring regions. 

Tn concluding this historical sketch attention should be called to 
the fact that C. E. vor Barn, in the general discussion of embryo- 

ical processes, was the first to distinguish clearly between the 


Jogical 

events of morphological differentiation, which take place in the 
beginning of development, and those of histological differentiation, 
which occur later, 
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CHAPTER VIII. 
DEVELOPMENT OF THE PRIMITIVE SEGMENTS. 


Tue more one pursues the development of Vertebrates into later 

stages, the more numerous become the changes which simultaneously 

appear in the different regions of the embryonic body. We cannot 

here undertake to describe step by step the processes which are 

simultaneously accomplished, for by that method the presentation 
1} 
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would become fragmentary and the comprehension of the separate 
processes would be made more difficult ; but it is necessary, in tho 
interest of a didactic method, to select from all the manifold pheno- 
mena a single process of the development, and to follow it up until 
it has come to a preliminary termination, 

After the formation of the middle germ-layer two important 
processes take place in the embryonic fundament. One process 
leads to a division of the middle germ-layers into the two lateral 


aot —-eeeb sd Sate i five pairs of primitive segments in optical section, aftes 


‘16m frm Godda, Been froma tbe dora. 

In figure 8 are indicated the openings of the cavities of the primitive segments inte the 
Antestinal ewvity, whieh can be seen by deeper foouaing. V7, Anterior, H, posterior end ; 
ak, outer, (4, inner, md, middle germ-layer; dh, intestinal cavity; w, uewral babe; 
em, neurenterio canal ; vay first primitive segment; wah, eavity of primitive mgment: 
vd, cailenteron, 

plates and into two series of cuboidal bodies, which are situated at 
the right and the left of the chorda, and which, under an erroneous 
interpretation, were formerly called protovertebra, but for which one 
should now substitute exclusively the more accurate name primitive 
segments [mesoblastic somites]. The other process, which occurs ab 
about the sme time, at least in the caso of the highor Vertebrates, 
leads to the origin of those cells from which the sustentative sub- 
stances and the blood of Vertebrates are derived, 
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Tn this chapter we shall take into consideration the formation of 
the primitive segments first in the eggs of Amphioxus and the 
Amphibians, and then in those of Fishes, Birds, and Mammals. 

In Amphioxus the formation of the primitive segments is more 
nearly simultaneous with the development of the middle germ- 
layer than in the remaining Vertebrates. As soon as the two 
colomic sues begin to grow out from the calenteron at the front end 
of the embryo, there begins a division of them into two rows of 
snall sacs lying one behind the other (fig. 103 4, B, wa), and this 
division proceeds from in front backwards. Here again we have 
to do with « process of folding, which 
repeats itself many times in the same 
manner. 

The wall of the groove-like celomic 
evagination, composed of cylindrical 
cells, becomes, at a little distance from 
its head-end, folded transversely to the 
longitudinal axis of the embryo; this 
fold grows from above and from the 
side downwards into the body-cavity ; 
in the same manner a second trans- 
verse fold is soon formed on either erbezo with 31 pritivo sopment, 
side of the body at a little distance ster Marvouxn. f 
behind tho first; tehind the second “Sewul tit vison! tate o 
o third, a fourth, and so on, at the ; 
same rate as that at which the em- 
bryonal body elongates and the fan- 
dament of the middle germ -layer 
increases by the progress of the evagination toward the blasto- 








pore. 

Tn the embryo represented in fig, 103 five sues may be counted on 
either side of the body. Tho évagination is taking place at the 
region marked m<; it advances still farther toward the blastopore 
and gives rise to a considerable series of primitive segments, the 
number of which in a larva only twenty-four hours old has already 
increased to about seventeen pairs, The primitive segments exhibit 
at first an opening, by means of which their cavities (ush) are in 
communication with the intestinal cavity. But these openings soon 
begin to be closed in succession, by their margins growing toward 
each other and then coalescing; this takes place in the same sequence 
‘as that in which the detachment of the parts takes place, from before 


cae 
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backwards, At the same time the primitive segments (fig. 104) 
gradually spread out both dorsally and ventrally, while their colls 
increase in number and become altered in form. They grow upward 
more and more at the side of the neural tube, which has meanwhile 
dotached itself completely from its matrix, the outer germ-layer. 


wv 


— 


= 
a 
a 
Co 
a 
ord 
a 
a 


‘Fig. 105—Two cross sections through # Triten 

4, Crow seetion through the region of the trunk in which the neural tate is not yet ceed an 
the primitive segments begin to be constricted off from the Interal plates. 

J, Crons section through the region of the trunk in which the neural tube le closed aud the 
Drimitive segments have been forme 

wf, Medullary folds; mp, medullary plate; », noural tube; ¢h, ebonta; of, outer, tk Inner 
perwo:Inyer; sad’, parietal, val’, visceral widdle layer 5 lA, inteatinal cavity ; Ub, bexy-carity 
wah, eavity of primitive mmgnient ; os, yole-colln, 


Toward the ventral side they insert themselves between the secondary 
intestine and the outer germ-layer. 

Finally, it might be further mentioned here that at a still later 
stage, as is to be seen on the right side of fig. 104, the dorsal portions 
of the primitive segment are constricted off from the ventral. The 
former lose their lumina and furnish the transversely striped 
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musculature of the body, but from the cavities of the latter originates 
the real unsegmented body-cavity, since the partitions which at 
first separate thom become thinner, break through, and finally 
disappear. F 

Similar processes take place in a somewhat modified manner in the 
caso of the remaining Vertebrates. 

In tho Tritons tho middle germlayer (fig. 105 A) becomes 
thickened on both sides of the chorda (ch) and of the fundament of 
the central nervous system (n), which is not yet closed into a tube, 
and at tho same time there appears a cavity (wah) in its thickoned 
part, caused by the separation of the visceral and parictal lamells. 
‘The thickening is not produced by an increase in the number 
of the layers of cells, but simply by tho fact that the cells 
increase in height and grow out into long cylinders, which are 
arranged around the cavity like an epithelium. We distinguish 
these thickened parts of the middle germ-layer, which lie on either 
side of the chorda and the nervous aystem, as the primitive-segment 
plates, from the lateral parts, or tho lateral plates, In the territory 
of the latter the cells are lower, and ordinarily there is no distinctly 
marked cavity between visceral and parietal layer, 

Whoreas in Amphioxus the process of forming somites extends 
itself over the whole of the middle germ-layer, in the case of the 
Amphibians, and likewiso all the re- 
maining Vertebrates, it affects only 
the part which is next to the chorda 
and the noural tubo, leaving the latoral 
plates, on the contrary, untouched, 
‘The segmentation begins at the head- 
end, and proceeds slowly toward the 
blastopore ; it is accomplished by fold- 
ing and constricting off. The epithelial 
jamella next to the neural tube and 
the chorda, being composed of cylin- 
drical cells, is raised up into small 
transverse folds, which, separated from —°Ns,5% 2" bein ides of one ed 
each other by intervals of uniform size, with their exvities (wai). 
grow into the cavity of the primitive- 
segment plate, and give rise to small sacs lying one behind the other 

. 106). 
le eek each little sac is constricted off from the lateral 
plates (fig. 105 4 and 2), Consequently one now meets, both in 
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transverse and frontal sections at the right and left of chorda 
and neural tube, cubical sack the walls of which are formed of 
cylindrical cells; these sacs are everywhere surrounded by a fissure- 
like space, and they enclose a small cavity (the primitive-segment 
cavity), which is « derivative of the body-cavity, From the front 
layer of the fold is produced the posterior wall of the newly formed 
segment, from its posterior layer the front wall of the remnant of 
the primitive-segment plate, or of the sac which is next to be con- 
stricted off, 

Of the Vertebrates which are developed out of meroblastic eggs, the 
Selachians appear to exhibit most clearly the original mode of the 
formation of primitive segments. A distinct body-cavity is formed on 
either side of the trunk by the separation of tho parietal and visceral 
Jamelle of the middle germ-layer (fig. 110). The dorsal portion of 
the cavity, which flanks tho neural tube, acquires thickened walls 
(mp), and corresponds to the part previously designated as the 
primitive-sogmont plate, which at the same time with the appear- 
ance of the body-cavity begins to be divided into primitive segments. 
In the anterior part of the body a series of transverse lines of 
separation become visible (fig. 195 mp'), the number of which is 
continually increased toward the hind end of the body. For a 
long time the cavities of the primitive segments, which are sepa- 
rated from one another by these transverse furrows, remain in 
communication ventrally with the common body-cavity by means 
of narrow openings. One may therefore describe this state of 
affairs by saying that the body-cavity is provided toward the back 
of the embryo with a serios of small sac-like evaginations, which lie 
close together one after the other, Afterwards the primitive seg- 
ments are entirely constricted off from the body-cavity, and then 
their thickened walls come into close contact, and thus cause the 
disappearance of the cavities of the segments (fig. 111 mp). 

Whereas in the Selachians it is still evident that the formation of 
the primitive segments depends upon folding and constricting off, the 
process is obscured even to obliteration in the case of Reptiles, Birds, 
and Mammals; this is referable simply to the fact that the two 
Jamelle of the middle germ-layer remain for a long time firmly 
pressed together, only subsequently beginning to separate, and that 
they are composed of several layers of small cells, The process of 
folding and constricting off appears here as a splitting up of a solid 


‘The part of the middle germ-layer that is next to the chorda and 
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neural tube appears in a cross section of a Chick embryo (fig. 107) 
asa compact mass (/¢) consisting of many superposed small colls, 
which, as far as it is not divided up into separate blocks, is designated 
as primitive-segment plate 

or protovertebral plate. In 

fig, 107 it is still connected 

at the side by means of o 

thin isthmus of cells with 

the lateral plates, in whose 
territory the middle germ- 

layers are thinner and sopa- 

rated from each other by a 
fissure, 

Tn observing the blasto- 

germ from the surface the 
region of the primitive-seg- 
ment plates, ax ix to be seen 
in the posterior part of a 
nine-days-old Rabbit embryo 
(fig. 108), appearsdarkerthan 
the region of thelateral plato; 
#0 that the two are dis- 
tinguished from each other; 
one is stom-zone (ats), the 
other pariotal zone (ps). 

The development of the 
Primitive segments is ob- 
servable in the Chick at the 
‘beginning of the second day 
of incubation, in the Rabbit 
at about the cighth day. 

Clear transverse streaks ap- 
pear in the stem-zono at 
some distance from the primi- 
tive streak, about in the s 
middle of the embryonic 
fundament, both on the right and the left of the chorda and neural 
tube (fig. 108). They correspond to transverse fissures, by means 
‘of which the primitive-segment plates are divided into the small 
Sand solid cubical primitive segments (uw). In the nine-days-old 
Rabbit embryo represented in fig, 108 these plates are resolved in 
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front into cight pairs of primitive segments (iw), whereas in the 
hind ond of the embryonic area they still have the form of a con: 


Fig. 108.—Rabbit embryo of the ninth day, seen 
rom the doraal side, after Koctecen. Magnified 
‘21 diameters, 

$s sae sins (is) lp part ne (no tre 

to be distinguishe!. Io the foriner # palrs of 
Felmitive segmente bave been established at the 
‘side of the chorda and neural tube, 


‘tte body-cavity jis margin of the entrance to 
the head-gut (vondere Daruyyoite), soem through 
the overlying structures; af, amniotic fold ; v0, 
‘vena omphnlomesenterica, 


tinuous mass of cells, tho 


In « somewhat more ad- 
vanced stage the primitive 
segment, which probably se- 
cretes at the same time fluid, 
develops in its interior, as 
in the case of the Amphibia 
and Selachii, a cavity, around 
which the cells group them- 
selves in a radial manner. 
This cavity, too, is at first in 
communication laterally with 
the fissure of the body-cavity, 
until the primitive segment 
has been fully constricted 
off 

In Vertebrates, besides the 
trunk-region, @ part of the 
head-region of the embryo is 
also affected by this process 
of segmentation which we 
have been considering. We 
must therefore speak in the 
one case of head-segments, 
and in the other of trunk- 
segments. Up to the present 
time the number and condi- 
tionof the head-segments have 
been mado out (by Barrour, 
Miuxes Mansuauc, and vax 
Wuue) most accurately for 
the Selachians, In this in- 


stance there are nine pairs of hollow head-segments. In the higher 
Vertebrates such segments although fewer in number, have also 
been described ; however, the less sharply differentiated structures 
of the latter demand still further investigation. 
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But, in any event, the accurate study of the earliest embryonic 
segmentation of the body into n large number of metamores yields 
this result of the highest importance for the general morphology of 
the Vertebrate body, that the head not less than the trunk represents 
a segmented portion of the body and has in wo wise been produced 
from @ single primitive segment. 


‘Suaprary. 

1, In Vertebrates the middle yerm-layers immediately after 
their origin are differentiated into several fundaments by processes 
of folding and constricting off. 

2. The process of differentiation in the middle germ-layer exhibits 
two modifications. 

(a) In Amphioxus the middle germ-layers are, at the time of 
their first appearance, completely separated into primitive 
segments lying one behind the other. 

Tt is only later that ench primitive segment is divided into a 
dorsal portion (the real primitive segment) and a ventral 
portion. 

The dorsal portion, or primitive segment proper, furnishes the 
transversely striped musculature of the trunk. 

The ventral segments form the body-cavity, which is at first 
segmented, but afterwards with the disappearance of the 
partitions becomes a single cavity. 

(4) In all other Vertebrates the fundaments of the middle 
germ-layers are divided first into a dorsal and a ventral 
region—into the primitive-segment plates and the lateral 
plates. 

‘The lateral plate remains unsegmented, The body-cavity, which 
becomes visible in it by separation of the parietal and 
the visceral lamellw of the middle layer, is from the 
beginning on each side of the body a single space. 

The primitivesegment plate alone is divided into successive 
primitive segments. 

3. The segmentation of the middle gorm-layers also extends over 
the future head-region of the embryo. One therefore distinguishes— 
(a) Head-segments, the number of which amounts to nine ; 

(b) Trunk-segments, the number of which ix constantly being 
increased during the development of the posterior trunk- 


region. 
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CHAPTER IX. 


DEVELOPMENT OF CO. /BSTANCE AND BLOOD. 
(THE MES: THEORY.) 






OTIVE 
NCHYM) 






‘Win the question of the origin of connective or mechanically sus- 
tentative substance and blood we enter a very difficult field, the 
cultivation of which has now been taken in hand successfully by many 
persons. Here also we shall acquaint ourselves with a simple case 
from the development of Invertebrates, before ye begin with the 
conditions in Vertebrates, which are more difficult to comprehend. 
Tn Ceelenterates and Echinoderms there is developed between the 
gorm-layers, which are composed of epithelial cells, a sustentative 
tissue, It consists of a homogeneous jelly, in which are scattered a 





Tig. 100,Two stages of development of Holothuria tubuloss, in optical section (after Satxs%s), 
from BALYOCR. 

4, Blastoaphiore-stage at the end of cleavage 

2, Gnatealastage. 

wr, Micropyle; *, chorion; a, segimentation-exvity, in which gelatinous substanoe ta early 
secreted as & gelatinous ore; bl, blastoderm ; ep, outer, Ay, loner germ-layer; ed, 
mrooeboid celle arising from the inner germlayer ; a.¢, eanlentaron (archenteron). 





fow isolated spheroidal or stellate cells, which are capable of changing 
position by virtue of their amaboid motion. It is usually developed 
very early ; in the Echinoderms, for example, as early as the blastula- 
stage (fig. 109). 

Into the cavit 





y of the blastula (A) a homogeneous soft substance, the 
jelly-core (6.0), is socretod by the epithelial cells. Tnto this jelly there 
migrate from the epithelium, and indeed from the particular region 
which at the time of gastrulation is infolded (fig. 109 B) as the 
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inner germ-layer (Ay), numerous cells (ms), which loose their epi- 
thelial character, and send out processes in the manner of lymph- 
corpuscles, They soon distribute themselves as migratory cells 
everywhere in the jelly. 

In the gastrala-stage and subsequently, the cell-containing jelly 
between the outer and the inner germ-layers represents a third sheet, 
which is distinguished from the latter histologically, and, according 
‘to the definition previously given, cannot be designated as a middle 
germ-layer ; for by that definition we understand the term to be 
limited to a sheet Gf embryonic cells, having an epithelial arrange- 
ment and bounding a surface, The jelly-like sheet ik a product of 
the germ-layera, which may be distinguished from them by the name 
meeenchyme ov intermediate layer (Zwischendlatt), 

Once formed, the mesenchyme continues to grow as an independent 
tissue, in that the cella which at first migrated into the jelly at a 
definite stage of development, to which one may give the naine 
mesenchyme-germ, continue to increase uninterruptedly by means of 
cellalivision. In its growth it penetrates into all the interstices 
which arise when the germ-layers, as happens in many Celenterates, 
produce the most complicated structures by the formation of folds and 
evaginations ; it furnishes everywhere a support for the epithelial 
layers which repose upon it. At the same time some of the mesen- 
ehyme-cells can alter their original histological character as simple 
trophic or nutritive cells of the intermediate substance. Thus here 
and there they differentiate contractile substance at their surface, 
and become, as is to be seen in Ctenophores and Echinoderms, smooth 
muscle-cells, the ends terminating either in ons fine point, or 
dividing themselves into several processes, as is more frequently the 
case with Invertebrates. 

Tn Vertebrates also, after the two primary germ-layers have arisen, 
a process similar to that which we have just considered appears to 
Jead to the formation of connective tissue and blood, two tissues 
which correspond morphologically and physiologically to the mesen- 
chyme of Invertebrates, 

Tn the first two editions of the “Lehrbuch” I set forth that the 
whole mesenchyme-question in the Vertebrates was still in a nascent 
condition, that the account therefore presented nothing final, but 
bore in many respects the character of the provisional. Since that 
time an essential advance has been made in this field, Thanks to 
tho investigations of Harscuex and Rant, of Réckenr, Zrecien, and 
wax Waite, we have acquired more accurate explanations concerning 
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the origin of the connective substances; the question of the origin 
of the vascular endothelium and of the blood, on the contrary, is 
one that is less cleared up. This determines me to treat the two 
questions separately in the following account. 


A. The Origin of the Connective Tissues. 


Selechian ombryos appear to be the most suitable objects om 
which to trace the origin of the connective substances. Hore the 
middle germ-layer serves as the matrix for the mesenchymatic tissue, 
At the time when the primitive segment is still connected below with 
the lateral plates, and when the body-cavity is visible in the latter, 
thore appears a cell-growth at the lower border of each primitive 
segment on the side which is directed toward the chorda. It is ordi- 
narily designated as sclerotome. It contains at first a small evagi- 
nation of the body-cavity (fig. 258 A sk). At the restricted place 
designated, which is marked off from its surroundings, and which 
recurs on each primitive segment, cells in large numbers (fig. 110 
sk) individually detach themselves from the epithelial layer, remove 
by active migration from their place of origin, like the mesen- 
chymatic cells of Invertebrates, and distribute themselves in the 
space which is limited on the one side by the inner wall (mp) 
of the primitive segment, and on the other by the chorda (ch) 
and the neural tube (nr). 

At tho time of their appearance the ameboid cells are separated 
by only a small amount of inter-cellular substance: they increase 
rapidly in number, and thereby soon crowd chorda, neural tube, and 
primitive segment farther apart (fig. 111). The segmental arrange- 
ment which the growths exhibit at their first appearance (fig. 195 Vir) 
very early coases to exist, since by their extension they become fused 
together into a continuous sheet, 

‘The mesenchyme, which thus grows forth out of the middle germ- 
Jayer on both sides of the chorda, furnishes the foundation for the 
whole awial skeleton; it produces tho skeletogenous tissue by the 
growing toward each other and the fusion of the masses which are 
formed on the right and loft sides, As fig, 111 shows, the mesen- 
chyme (ek) grows around the chorda (ch) both dorsally and ventrally, 
and envelops it with « connective-tissue sheath, which is continually 
becoming thicker, In the same mannor it encloses the neural tube 
(nv) and forms the membrana reunions superior of the older embryo- 
logists, the foundation out of which subsequently the connective- 
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tissue envelopes of the neural tube and the vertebral arches with 


their ligaments are differentiated. 
Conditions similar to those of Selachians are also to be observed, 


cE Ra ctesdete 





Fig. 110, 


‘Figs. 10 and 111.—Dingrams of cross seetions throagh younger and older Sslachian embryoe 
‘to Mlustrate the development of the principal products of the middle germ-tayer. After YAN 
‘Wisus, with some changes, 

‘iG: 100— Cosa oetin hrvagh the region of the yrenepls sf an’ eabr7 1a WAX the 
mystomes (mp) are in process of being constricted off, 

‘Tig: UL Cross aiien through & somewhat oder embryo, in which the myotonee have jast 


wr, anal lait chonka; sorta: seh, aubnotechordal rot; mp, musdeplate of the 
3, mone of growth, at which the musele-plate bende over into the entle- 
plate (op) ; 0, portion eonnceting the primitive segment with the (walls of the) body-cavity, © 
owt of which are developed, among other things, the mesonephrio tubules wh (fig. 331); 
ab, keletogenous tinue, which ari a an outgrowth from the median wall of the con- 
necting pertion (vd); rm, pronephros : mk’, parietal, ml®, visceral midille layer, from the 
walls of which meseuchyine is developed ; A, body-cuvity : i, entotorm ; 4, cavity of the 
Felitive sepment ; wk, wesonephric tubule, wrtien from the sonnecting portion eb of the 
iagnam 130; 42, place where the mevonephiric tubule has detache itself from the primitive 
sepment; uy, mamonephrio duct, with which the mesonephric tubule has united ou the left 
tide; fr, union of the meeanephrio tubale with the baly-cavity (nephridial funnel) ; ', 
tees", mimenchyre, which has arisen from the parietal and visceral lamelle of the mille 
layer respectively. 


although less distinctly, in Reptiles, Birds, and Mammals; they 
have been described by Remax, Kéx1ixer, and others, and have been 
brought into connection with the formation of the vertebral column, 
The primitive segments, which are at first solid, soon acquire a 
small cavity (ig. 116), around which the cells are arranged into a 
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continuous epithelium. Then a part of the wall of the primitive 
segment lying at its lower and median angle begins to grow with 
extraordinary rapidity, and to furnish a mass of embryonic connective 
tissue, which spreads itself around the chorda and neural tube in the 
manner previously deseribed. The dorsal and lateral parts of the 
primitive segment (fig. 116 ms), which subsequently loses its cavity, 
are not involved in this growth; out of them arise principally the 
fundamonts of the trunk-musculature. This part is consequently 
now distinguished as musecle-plate (ma). 

Mesenchyme arises from three other places of the middle germ- 
layer besides the primitive segments—tfrom the visceral lamella, from 
the parietal lamella, and finally from that wall of tho primitive 
segment which is turned toward the epidermis and has been given 
by Rasw the name ewtisplate, Here also the conditions are best 
followed in Selachii. 

Individual cells migrate out from the visceral lamella (Darm- 
faserblatt), which in early stages is composed partly of cubical, 
partly of cylindrical cells (fig. 110 mA*), and distribute themselves 
upon the surface of the entodermic layer ; they are found at places 
where no trace of a vessel is observable, They furnish the 
mesenchyma of the intestinal wall, which is ever becoming more 
abundant, and which is subsequently converted partly into connective 
tissue, partly into the smooth muscle-cells of the tunica muscularis 
(fig. 111 mest), a 

A similar process is repented in the parietal lamella (Haut- 
faserblatt), Emigrating cells produce between the epithelium of 
the body-cavity and that of the epidermis an intermediate layer of 
mesenchyme-cells (fig. 110 mé', fig. 111 mes!). 

An important region for the production of connective tissue is, 
finally, the cutis-plate, é2., the epithelial layer of the original primi- 
tive segment which is in contact with the epidermis (fig. 110 qp). 
The process occurs here later than at the other places mentioned, 
and begins with an active cell-growth, which gradually leads to a 
complete disintegration of the epithelial lamella. “The disintegra- 
tion," as Rast remarks, “proceeds in such a manner that the cells, 
which hitherto exhibited an epithelial character, separate them- 
selves from one another, and thereby lose their opithelial character.” 
It is probably from this part of the mesenchyme that tho corium is 
derived. 

That the mesenchyme-cells scattered between the epithelial lam- 
ellas are capable of executing extensive migrations, after the fashion 
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of migratory cells, is perhaps best shown in the investigation of 
transparent embryos of Bony Fishes. “One sees distinctly,” thus 
Wenkenacn describes it, “how the cells by means of amoboid 
motions, and of sometimes extraonlinarily long protoplasmic pro- 
cesses, move themselves about independently in the body of the em- 
bryo and upon the yolk, which is not yet clothed with hypoblast, 
and creep toward definite places, as if they acted voluntarily and 
eonsciously.” By virtue of this peculiarity, the mesenchyme-cells 
actively penetrate into all larger and smaller fissures which exist 
between the germ-layers and the fundaments of organs which have 
arisen from them. Everywhere they form a filling and connecting 
mass between these structures, which afterwards acquires a still 
greater importance as the bearer of blood- and lymph-courses as well, 
as nerves. 


In comparison with the earlier editions of the “ Lebrbuch,” I have bere 
given un essentially different presentation of the develspment of the mesen- 
obyme. Formerly, supported by the investigations of H1s, WaLDEYER, Kout- 
MANS, and others on meroblastic eggs. 1 thought it necessary to refer the 
chief sourve of the mesenchyme to a limited territory of the germ, to the area 
opaca, and made the cell-material arise by delamination from the entodermio 
layer, especially from the yolk-wall. But now I assume « manifold origin from. 
various regions of the middle germ-layer, Thus I come back again to an in- 
terpretation which I bad already propoundedas probable in ** Die Calomtheorie ” 
(p, 80) and “Die Entwickelung des mittleren Keimblattes " (p. 122),—to the 
interpretation, namely, that mesenchyme-germs in Vertebrates are perhaps 
formed by an emigration of cells at several distinct places at the same time. 
Whether this or that be the real mode, the essence of the mesenchyma-theory 
is not thereby affected, for the essential part of that theory consists in this, 
thav it establishes in the earliest development of tissue « contrast between 
the epithelial germ-layers and a packing tise, produced by a dissolution of 
the epithelial continuity, which spreads itself out between the germ-layers,. 
and soon appears as an independent structure, 

Indeed, with this theory as a basis, it would not be surprising it the pro 
duction of mesenchymatio tissue should not de limited simply to the middle gero- 
layer, and if the entoderm by the contribution of cell-material should participate 
in its formation. 


B. The Origin of the Vascular Endothelia aud the Blood. 


‘The question of the origin of the tissues represented in the above 
heading is one of the most obscure in the realm of comparative 
embryology. The very investigators who have endeavored most 
recently and with the most reliable methods to elucidate this matter 
do not hesitate to emphasise the uncertainty in the interpretation 
of the conditions presented to them, Even the lowest Vertebrate, 
which is distinguished by the greater simplicity of its structure, and 
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by the greater ease with which all its processes of development are 
understood, has failed us in this question, For Harscmex, who 
knows the development of Amphioxus better than any one else, de- 
signates the blood-vessels as the only system of organs concerning 
which he was unable to arrive at a clear understanding. 

Consequently in the field now to be examined there are many 
views and observations which in part stand in the most direct 

to each other, To give a comprehensive review of them 
is not possible without the greatest fulness, which would be contrary 
to the plan of this Text-book; I therefore limit myself, first, to 
giving a survey of the varions possibilities by which the origin of 
the vessels and the blood might take place, and, secondly, to present- 
dng a series of observations which have been made on Selachians, 
Birds, and Mammals; still it is always to be kept in mind that 
touch remains doubtful here, and that coming years may bring about 
many a change in our interpretations, 

According to one view, the vascular cavities are developed out of 
fissure-like spaces betweon the germ-layers which remain unoccupied at 
the time the fundament of the mesenchyme is produced, These cavities 
acquire a boundary in this way: the neighboring mesenchyme-cells 
begin to penetrate into them, and then unite into a vascular endo- 
thelium. “The system of blood-vessels and that of lymphatic vessels,” 
observes Zreaiun, “are produced in their first fandaments from 
remnants of the primary body-cavity (the space between the primary 
germ-layers), which at the general distribution of the formative 
tissue (mesenchyma) remain behind as vessels, lacuns:, or interstices, 
and are enclosed by that tissue and incorporated in it." The formed 
elements [corpuscles] arise at separate places in the blood-courses 
‘hy the growth and detachment of mesenchymatic cells, 

to another view, the vessels are constructed in this 
manner: cells in the mesenchymatic tissue arrange themselves in 
rows, and these cell-cords become hollowed out; thereby the more 
superficial cells furnish the endothelial wall, whereas the remaining 
cells become blood-corpuscles. The blood-vesels are therefore nothing 
elso than cavities which — have been secon produced in the 


according as they ascribe to the sone yine pes origin and 
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make it arise either out of the middle germ-layer alone, or out of 
the entoblast alone, or by the migration of cells out of both layers 
and their union into a single fundament. Still other variations 
result from the first fundament of the blood-course being some- 
times referred to a limited territory of the germ, sometimes to several 
places. Thus, for the meroblastic eggs of Birds, the area opaca is 
designated by some observers a8 the place where vessels and blood 
are first formed. From here they grow out as it were at first into the 
embryonic body proper. The opposite is reported of Bony Fishes, in 
which the first vessels, heart, aorta, caudal veins, and sub-intestinal 
veins, together with blood-corpuscles, arise earliest in the embryonic 
body itself, whereas they appear on the yolk only subsequently. 
Finally, for the Selachians a local origin of the vessels is maintained 
both for the area opaca and also for the embryonic body in the 
restricted sense. 

In opposition to the two views hitherto presented, a third view 
assumes a separate origin for the connective substances on the one 
hand, and for the vascular endothelium and the blood on the other, 
Whereas the former are produced by the emigration of cells from the 
middle germ-layer, the vascular endothelium is maintained to arise 
from cells of the entoblast. It is held that an endothelial sac ia 
formed (perhaps by constriction) as an independent fundament, 
which by budding gives rise to the whole vascular system. 

After this brief survey of the various possibilities concyrning the 
origin of the blood-course, I turn to a deseription of certain con- 
ditions, concerning the signification of which it must be admitted 
that the views are also often very divergent. 

The area opaca of the meroblastic eggs of Fishes, Reptiles, and 
Birds has always played an important réle in the literature on the 
question of the origin of the blood. Notwithstanding the frequency 
with which it has been investigated, the researches concerning it 
cannot be regarded as concluded. It is from this standpoint that I 
beg the reader to judge what follows. 

Tn the case of the Chick, on which especially we shall base our 
account, the opaque area is composed of only the two primary germ- 
layers at the time when the middle germ-layer begins to be formed 
from the region of the blastopore by the production of folds, 

‘The outer germ-layer, as has already been described in Chapter V., 
has in general a simple structure, since it is composed of a single 
layer of smal! cubical cells. The inner germ-layer (fig. 56 ik and 
fig. 112), on the contrary, alters its condition the more wo approach 

12 
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the margin of the disc, In the area pellicida and in the immediately 
surrounding parts it appears as a single Jayer of greatly flattened 
cells, and is separated from the yolk-floor by a cavity filled with an 
albuminons fluid; in the opaque area it reposes directly upon the 
yolk ; its cells here become higher, cubical, or polygonal, and finally 
it terminates with a greatly thickened marginal zone, the previously 
mentioned yolk-wall (dw), This is the important region of the germ: 
with which we now have especially to deal. 
The yolk-wall consists in the Chick partly of embryonic cells, 
which are separable from one another, partly of yolk-material 
in which are enclosed 
numerous: 


the course of the formation of the germ-layers in Selachians, 
Teleosts, and Reptiles (Kurvren, Horrmaxx, Récxenr, Srran, 
Swaey), 

‘The most accurate description of the yolk-nuclei has been given by 
Récxent for the eggs of Selachians (fig. 113). They are present in 
this case at the marginal portion of the germ-disc, embedded in the 
yolk in not inconsiderable numbers, and are remarkable for their 
size, sometimes reaching a diameter ten-fold as great as that of an 
ordinary nucleus (4, %*). From the protoplasm enveloping the 
nucleus &* there proceeds a richly branched network of processes. 
In the interstices of the net are lodged yoll-clements (d) in great 
numbers, from the size of the ordinary yolk-plates down to the finest 
granules. The former are often in process of disintegration. One 
may conclude from this, as well as from other phenomena, that a 
vigorous consumption of deutoplasm is taking place at the margin of 
the germ. This deutoplasm is taken up ax nutritive material by the 
protoplasmic net surrounding the nucleus, and employed by means of 
intra-cellular digestion for its growth. Consequently one also sees the: 
yolk-nuclei in active increase, 
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Toward the surface of the yolk small clusters of nuclei (fig. 113 &) 
arise out of the large deeper-lying yolk-nuclei, From these there 
are finally produced genuine cells of the germ (z), by the small nuclei 
surrounded by a Isyer of protoplasm detaching themselves from 
the yolk, as it were by an act of supplementary cleavage. “ Since the 





: 
and the yolk,” Tig, 13.—Yolk-nuclel (marooytes) from Pristiurus, tying underoeatts 
= the germ-carity 2, after Riicuenr. 
(RUoxent, 4, Bubryonie celle; &, superficial clear nuclei; 4, doepar nuclet ; 
The views of  *%, marginal nnolei rich in chromatin, Inrgely freed from the 


sarrounding yolk, im order to show the procemes of the yirotor 
investigators on tame mantle; 1d, yolk-plates 


of the yolk-wall and of the merocytes enclosed in it are very divergent. 
Indeed there is unanimity only in this, that the yolk-wall contributes 
to the increase of the lower germ-layer by single cells becoming in- 
dependent and attaching themselves at the margin to the elements 
which already have an opithelial arrangement. On tho other 
hand it appears less certain how far the yolk-wall is concerned in 
the formation of the blood. According to the observations of His, 
Disse, Ravnen, Konrmanx, Ricxerr, Swazx, Gexscn, Horrmans, 
and others, it does share in this process during « limited period 
of development in the caso of Solachians, Teleosts, Reptiles, and 
Birds, 

Th the Selachians the anterior margin of the germ-disc is the first 
to be metamorphosed into a vascular zone. Riicxenr could find 
here numerous and unequivocal indications that the previously 
described peculiar cell-elements of the yolk (merocytes) provided 
‘with large nuclei contribute to the formation of blood-islands, in 
that they break up into clusters of small cells, detach themselves 


ss 
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from the yolk-containing part of the lower germ-layer, and become 
differentiated on the one hand into the migratory cells of the first 
dlood-vessels, and on the other into the blood-corpuscles. Rickert 
further maintains that the material destined for the production of 
SS ee ee eee 
Swasn remarks with the sume positiveness, “Les premiers ilots 
sanguins se développent aux dépens dea éléments de Chypoblaste, Ces 
derniers constituent 4 Ja fin de ce développement les parois de cavités 
vasculaires closes et les collules sanguines qui les remplissent.” 
Likewise Gexscn makes the large cells in the yolk responsible for 
the formation of the blood in the case of the Bony Fishes Horr- 
mann also finds in Reptiles that the blood and the endothelial 
wall of the vessels, as well as the spindle-shaped cells which lie 
between the vessels, are a product of the inner germ-layer, and 
that they appear at definite places of the germ-disc at a time 
when the middle germ-layer has not yet been formed in those 


regions. 

Finally, it is stated concerning the germ of the Chick that at the 
end of the first day of incubation the cells in the yolk-wall have 
become very numerous, through the multiplication of the nuclei 
enclosed in the latter, and that afterwards the abundance of the 
cells diminishes. For part of the cells which have been formed 
by the active proliferation now detach themselves from the yolk- 
wall, get into the space between the outer and inner germ-layers, 
and there produce a third independent layer, which is continually 
increasing in thickness, whereas the remaining part becomes modi- 
fied into an epithelium of large cylindrical cells containing yolk- 
granules. This middle Jayer is judged by several investigators to 
be an ‘independent fundament of the germ, and has in this sense 
been described by His ns parablast, by Diese and others as vasewlar 
layer, by Raunen as deemohomoblast, and by Koutaann as marginal 
germ or acroblast, 

All of these accounts need still more precise confirmation, since 
they have often been called in question, even up to most recent 
times, Thus Ktturmcen has always defended the position that 
not only the connective substances, but also the vessels and the 
blood, are products of the middle germ-layer, and are generated by it 
in its peripheral regions, Kasrscuenxo, in his study of the Selachii, 
could not convince himself that the merocytes have special import- 
ance in the formation of blood and vessels, but was not, however, 
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willing to deny it, So much the more positively do WenkeBacn 
and Zreoter, on the strength of their investigations on Teleost, 
express themselves against the mode of blood-formation given by 
Gexscx. According to Zreater, the blood-corpuscles are developed 
in the blood-vessels of the embryonic body itself, The free nuclei 
of the yolk, the merocytes, on the contrary, it is maintained, do not 
share in the formation of embryonic tissues, but, in adaptation to 
the function of resorbing the yolk, undergo peculiar modifications, 
which “cause the frequently affirmed but never proved production 
of blood-corpuscles [by them] to appear improbable,” 

‘Under this condition of affairs, I must regard the question of the 
source of the cell-layer in which, in the region of the opaque area, 
the formation of blood takes place as not yet ready for final 
judgment. 

So far as regards the further changes, by means of which the 
cell-layer under consideration is converted into connective substance 
and blood, on the whole I subscribe, in this difficult field of in- 
vestigation, to KO.tixen's representation. 

At the end of the first day of incubation, the masses of cells which 
lie between the inner and the outer germ-layers arrange themselves 
in cylindrical or irregularly limited cords, which join themselves: to- 
gether into a close-meshed network; they are the first fundaments 
both of the vessels and also of their contents, the blood. In the 
spaces of the net are to be found groups of indifferent cells, which 
afterwards become embryonic connective tissue, and which are the 
Substanzinacln (fig. 114) of authors, 

At the beginning of the second day of incubation, the solid funda- 
ments of the vessels become more distinct, in proportion as they 
become bounded superficially by a special wall, and acquire 
an internal cavity. Tho wall of the vessels is developed out of 
the most superficial cells of the cords, and is composed during the 
first days of incubation of a single layer of very much flattened 
polygonal elements, on account of which the first vessels of the 
embryo are often designated as endothelial tubes (fig. 114 and 
fig. 115 gw). 

The cavity of the vessel is probably formed by the penetration of 
fluid into the originally solid cord from its surroundings, thus forming 
the plasma of the blood, by which the cells are pressed apart and to 
the sides, The cells then constitute here and there thickenings of 
the wall, and project into the fluid-filled cavities as elevations of 
loosely united spherical elements (fig. 114, Blood-islands), Conse- 
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If one at this time examines a blastoderm which has been removed 
from the yolk, the zone in which the formation of blood takes place 
appears flecked with more or less intensely colored blood-red spots, 
some of which are roundish, others elongated, and others branched. 
The spote are known as the blood-points or blood-istands of the blasto- 
derm (fig. 114), From these formative areas the superficial cellx 
now detach themselves and enter the blood-fluid as the isolated red 
blood-corpuscles. Here, as well as in the blood-islands, they multiply 
by means of coll-division, during which the nucleus is metamorphosod 
into the woll-known spindle-figure. 

As Remax first showed, divisions of blood-cells are to be observed 
in the Chick in great numbers up to the sixth day of incabation, 
whereas they later become more rare, and then wholly disappear. 
Also in the case of Mammals and of Man (Fou) the first embryonic 

ny 





‘Fig, 115.—Ceeas section throug a particn of the vascular area, efter Dress, 
ot, eel 4b, Sper germetayer ; me’, parietal, mA*, visceral lametia of the middle germ-tayer ; 
aextrecmbryeuio boly-carity ; ge, wall of blowl-vewel formed of endothelinm ; 8, blood 
nin; 9 vemels, 
blood-corpuscles, which are at this time provided as in the other Verte- 
brates with a genuine cell-nucleus, possess the power of division. 

In proportion as blood-corpusecles still further detach themselves 
from the blood-points, the latter become smaller and smaller, and 
finally disappear altogether ; but the vessels without exception then 
contain, instead of a clear fluid, red blood with abundant formed 
elements (fig. 115 61). 

Subsequently there occur changes in the Substansinsefn which lead 
‘to the formation of embryonic connective substance. The germinal 
cells, at first spheroidal, separate farther from one another, at the 
same time secreting a homogeneous inter-cellular substance; they 
become stellate (fig. 116 sp), and send out processes by means of 
which they are united into a network, which stretches all through 
the gelatinons secretion ; other cells apply themselves to the endo~ 
thelial tubes of the vessels, 
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After the formation of vessels and blood is completed, the territory 
of the area opaca, in which the processes just described take place, 
is sharply delimited at its periphery (fig. 117) in all meroblastic eggs, 
‘as well as in those of Mammals. For the close network of blood 


thy chorda a0, sorta; Ay ianat gare, layer (iypablen}, 


i 
i 
BE 
£ 
i 
3? 
i 
i 
| 
i 
a 
< 
= 


vessels ends abruptly at its periphery in a broad, cireular, manginal 
vein (the vena or sinus terminalis, §.7.). 

Beyond the sinus terminalis, there is formed on the yolk neither 
blood nor blood-vessels, Nevertheless, the two primary germ-layers 
spread themselves out laterally over the yolk still farther, the 
outer layer more rapidly than the inner, until they have grown 
entirely around it. 
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Woe must therefore now distinguish in the opaquo area (Plate L, 
fig. 2, page 213) two ring-like areas, the wasctlar area (gh) and the 
yolk-area (dh), area vasculosa and area vitellina, Since, moreover, 
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Pig U%—Diagram of the vascular ayster of the yatk-we at the end of the third day of 

ingubation, after Haroun. 

‘The whole blastoderm has been removed from the eps and is represented as wen from below, 
‘Therefore what ie really on the left appears on the right, and vice veraf. ‘The part of the 
area opera in which the fine vascolar network has been formed is sharply limited wt the 
periphery by the sinus terminalis, and represents the vasmular area; outeide of it os the 
Jolk-ares, The immediate vioinity of the embryo la destitute of a vasoalar network, and ia 
Aesiguated now, as at an earlier stage, by the nane area pellncida, 

‘Ht Heart; 44, aortic arches; 40, dorsal aorta , L.0f.A, left, K.OfA, right vitelline artery 5 
4.7, aiaus terminalis ; £.O/, loft, R.0Y, right vitelline Vein ; & ¥, sinus venoms ; D.C, ductus 
Cuvieri ; 500.7, superior, ¥.04, inferior cardinal vein. The veins are drawn in ovtine, 
the arteries in solid Diack. 


the area pellucida is still recognisable, being traversed by only a few 
chief trunks of blood-vessels leading to the embryo, the body of the 
embryo is enclosed altogether by three zones or areas of the extra- 
embryonic part of the germ-layers. 

Up to the present we have pursued the formation of blood in the 
opaque area. But how do the vessels in the body of the embryo 
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itsolf arise? Here, too, the uncertainty of our present knowledge is 
be 


to bo emphasised. 

According to the representation of His, to which KOttiken alao 
adheres, and which the author himself has made tho foundation of 
his account in the first edition of this Text-book, blood-vessels in the 
embryo are not independently formed, but take their origin from 
‘those already existing in the opaque area, According to His, the 
germ of the blood and connective substances, originally a peripheral 
fundament, makes its way from the opaque aren at first into the 
pellucid area, and from there into the body of the embryo itself, 
and is distributed everywhere in the spaces between tho epithelial 
germ-layers and the products that have arisen by constriction from 
them. Into the spaces migrate first of all amaboid cells, which 
send ont in front of them branched processes ; on the heels of these 


the manifold origin of the connective substances from the middle 
germ-layers, but also particularly the more recent observations con~ 
corning the independent origin of vessels and the endothelial sac of 
the heart in the body of the embryo itself. (RUckerr, Zrecuer, 
Mayne, Rant, Kastscirexxo, and others.) 

For Selachian embryos the question, whether the repositery of 


the material for the blood-vessels of the embryo is to be sought 
exclusively on the nutritive yolk, is, as Réoxxnt remarks, to be 
answered definitely in the negative, Tho vessels arise in the embryo 
itself within the territory of the mesenchyme, from cells which 
are sometimes loosely, sometimes compactly arranged (Recent, 
Maren). 

Rockenr derives the cells that form tho vessels from two different 
sources, partly from the inner germ-layer of the yolk-wall, partly 
from the adjoining mesoblast, and their double origin appears to 
him a natural process of development, in so far as the two layers 
which bound the first vessels also furnish the material for their walla, 

To the same purport are the accounts concerning the formation 
of the endothelial sac of the heart, At first it consists of a rather 
irregular mass of cells, in which there appear separate cavities, that 
gradually unito to form a single cardiac space. The cell-material 
of the fundament of the heart is developed in situ (Rockent, Zrrover, 
Mayen, Ravr, and of the earlier investigators Gorrx, Batrour, 
Horraaxy) from the wall of the bounding germ-layers; however, 
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uncertainty prevails as to whether the inner germ-layer alone, 
or the middle, or both, are concerned in the production of the 
fundament. 

When once the first vessels have been formed, they grow further 
independently, and continually give rise to new lateral branches by 
means of a kind of budding process. 

Tt can be observed that from the walls of vessels that are already 
hollow, solid, slender sprouts go out, which are formed of spindle- 
shaped cells, and by means of cross-branches join others to form a 
network, The youngest and most delicate of these sprouts consist 
of only « few cells arranged in a row, or indeed of only a single one, 
which, reposing upon the endothelial tube like a knob, is drawn 
out into a long protoplasmic filament. Into the solid sprout thore 
now projects from the already completed vesel a small evagination, 
which gradually elongates and at the same time enlarges into a 
‘tube, the wall of which is formed of the separated cells of the funda- 
ment, The formation of blood-corpuscles no longer takes place in this 
process, all the cells of the sprout being employed to form the wall of 


the vessel. Since out of the vessels thus produced new sprouts 
are formed, and so on, the fundaiments of the vessels spread them- 
selves out everywhere in the spaces between the germ-layers and 
the organs which have by constrictions been formed from them, 


There are, moreover, two different opinions about the manner in which the 
sprouting takes place. Are tho solid yascular shoots formed exclusively by 
growth of cells in the wnll of the endothelial tute, or do nolghboring con- 
nective-tiesue colls take fart in their formation! While RABL holds to the 
Proposition that new vascular endothelia always take their origin from auch as 
are already in existence, KOLLIKER, MAYER, and RUCKENT make statements 
which appear to prove that the endothelial yascular tubes both continue to 
grow by themselves alone, and also to elongate through the participation of 
the connective-tissue cells of the surrounding tissue, 


In the preceding pages we have endeavored to show in detail 
how in Vertebrates the material of the cleavage-cells is differen- 
tinted into the separate fundamental or primitive organs. As such 
we must designate the outer and the inner germ-layers, the two 
middle germ-layers, and the mesenchyme or intermediate layer, 

In order properly to estimate at once the significance and the rile 
of these fundamental organs, we will glance at the final result of the 
process of development—propound the question, What organs and 
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tissues take their origin in the separate germ-Jayers and the mesen- 
chyme!? A definite answer to this question is possible, except on # 
few points concerning which the accounts of the different observers 
are still contradictory, and which therefore will be indicated by a 
mark of interrogation. 


From the outer germ-layer arise: the opidermis, the epidermoidat 
organs, such as hair and nails, the epithelial cells of the dermal 
glands, the whole central nervous system with the spinal ganglia, 
the peripheral nervous system (1), the epitheliam of the sensory 
organs (eye, ear, nose), and the lens of the eye. 

The primary inner germ-layer is differentiated into >— 

1. The secondary inner germ-layer, or entoblast ; 

2. The middle gorm-layers ; 

3. Tho fundament of the chorda ; 

4. The germ of the mesenchyme, which forms the intermediate 
layer. 

‘The entoblast (Darmdriisenblatt) furnishes the epithelial lining 
of the whole intestinal canal and its glandular appendages (lung, 
liver, pancreas), the epithelium of the urinary bladder, and the 
taste buds, 

The middle germ-layers undergo extremely various motamorphoses 
after having been differentiated into primitive segments and IateraF 
plates, 

From the primitive segments ave derived the striated, voluntary 
muscles of the body and a part of the mesenchyme. 

From the lateral plates arise the epithelium of the pleuroperitoneat 
cavity ; the epithelium of ovary and testis (primitive ova, mother- 
cells of the spermatozoa); in general, the epithelial components of 
the sexual glands and their duets, as well as those of the kidney and 
ureter ; and finally mesenchymatic tissue. 

‘The fundament of the chorda becomes the chorda dorsalis, which in 
the higher Vertebrates is reduced, during later stages of development, 
to insignificant remnants. 

The mesenchyme-germs, which produce the intermediate layer, un- 
dergo manifold differentiations, for they spread themselves out in 
the body between the epithelial components as the intermediate mass. 
From them are derived; the multiform group of sustentative (con- 
nective) tissues (mucous tissue, fibrillar connective tissue, cartilage, 
bone), vessels (!) and blood (}, the lymphoid organs, the smooth, 
involuntary muscles of the vessels, of the intestine, and of various 
other organs. 
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HusTORY OF THE PARADLAST- AND MusENcHYME-Tirmontes, 


The older investigators, as, for example, REMAK, grouped together all the 
cells which are inserted between the two primary germ-layers under the 
common pame of the middle germ-layer, and assumed for them a common 
origin. To this conception His opposed in the year 1868 in “ Die erste Ent~ 
wicklung des Hithnchens im Ei” his “ pxrrablast-theory,” in which, influenced 
principally by histogenctic considerations, he distinguishod two fundaments 
‘of different origin, an archiblastic and a parablastic, 

As archiblastic fundament he designated the part of the middle germ-layer 
which lea in the body of the embryo itself, the axial cord (Achsenstrang) and 
the animal and vegetative musole-plates, and he made them arise by de- 
Jnmnination from the primary germ-layers, and therefore ultimately from the 
embryonic cleavage-cells, 

He gave the name parablast ton peripheral fundament,lying originally outside 
‘the embryo, which is the source of all the connective substances, the blood and 
‘the vascular endothelium, and which grows from the margin, or more specl~ 
fically from the opaque area, into the body between the archiblastic tissues. 

The division of the middle germ-layer into archiblast (chief germ) and 
parmblast (accessory germ), proposed by His and carried out in several of his 
writings, found at the time no approbation, and encountered decided and 
successful opposition, especially on the part of HancKEL, because the correct 
views contained in the doctrine were obscured and covered up by peculiar 
conceptions about the origin of the parnblast. The parablast, it was claimed, 
is not derived from the egg-cell, but from the white yolk, a product of the 
granulosa-cells, which, acconling to the earlier teachings of Hrs, penetrate 
into the primordial ovam in great nambers and become the white yolk-oells 
and the yellow spherules, But the granulosa-cells in turn, it was maintained, 
arise from the connective tissue (leucocytes) of the mother; censequently 
after thelr migration into the egg they are capable of producing again 
only connective tissue and blood. 

His thought it was necessary to assume a fondamental Glfference between 
chief germ und aeceesory germ ; the former alone had experienced the influence 
of fertilisation, since it alone was descended from cleavage-colls, whereas the 
latter, kince it issued from the white yolk (a derivative of the maternal con- 
nective tissue), was “ purely a maternal dower.” 

Ravars, in a short communication, accepted the conclusions of His, in #0 
far as he also assumed a common origin for blood and connective tissue, a 
special “ bemo~<lesmoblast,” but differed from him in that he derived them 
‘from the cleavage-cells, 

GorTTs (1874) is also to be mentioned in this connection, since he maintained 
‘that the blood is developed out of yolk-cells, which break up into clusters of 
smaller cells (Amphibia and Birds). 

Proceeding from other standpoints, and induced by observations on In- 
vertebrates, my brother and 1 were Jed in our Celom-Theory (1881) to a result 
‘similar to that of Ii18, namely, that two entirely different stractures had been 
hitherto embraced under the expression middle germ-layor, and that ft was 
‘necessary to introduce in the place of the old indefinite conception two now 
and more precise oues, " middle germ-layer in the restriated sense ™ und “ mesen- 
chyme-germ.” But our conception, notwithstanding many points of agree. 
‘ment, took in detail a form very different from the doctrine of Hrs, 
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All fon@aments of the animal body are derived from embryonic cells, whieh 


layers, 
‘His and by us in different ways, met with opposition on the part of KOLLIKER 
who held to the older interpretation; but by many others it was accepted; 
attempts were made further to confirm and also to modify it by Kerrren, 
Disex, Watprren, Koriwaxn, Hears, and others, who defended the existence 
of a special connective-tissue germ. 
Kerrrer and his followers furnished important observations concerning 


KOLLMANS named the cells which migrate out between the germ-layers. 
poreuts (Poreuten), and the whole fundament the acroblast. 
Finally, WALDEYyER endeavored to derive the connective-tissue germ from 
4 special part of the cleavage-material, which he divided into an archiblast 
and a parnblast. 
to WALDEYER's theory, the cleavage of the eggs of all those 
animals in which there is any blood and connective substance does not take 
place uniformly up to the end, but one must distinguish a primary and @ 
acoondary . “The former divides the egg, so far as it is in any way 
cazable of cleavage, into a number of cells, which are ready for the production 
of tissues, These then form the primary germ-layers. A remnant of im- 
matore clenvage-cells (in the case of holoblastic eggs), or of egg-protoplasm, 
which is not yet converted into the cell-form (in meroblastic eggs), is left 
remaining, Nelther the {immature cells, nor the protoplasm still unconverted 
into cells, enter for the present into the integrating condition of the germ~ 
layers. On the contrary, it is only afterwards that there is effected on this 
material » further formation of cells, the secondary eleaeuge, The immature 
cells of the holoblastic eggs, over-loaded with nutritive yolk, divide them- 
selves, or, if one prefers, ‘cleave ' thenuelves further, or the parts which are 
most richly provided with protoplasm constrict themselves off from the 
eges, Whereas the remnant of the nutritive material is consumed,—the 
unformed remnants of the protoplasm (germ-processes) of meroblastic eggs 
become divided up into cells, ‘Tho cell-material thus secondarily acquired 
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migrates in between the primary germ-layers, and becomes blood and connes- 
tive substance.” 

According to the recent investigations of RaBt, ZizoLen, vax Wisun, 
RécKent, and others, the mesenchyme is produced from various regions of 
the middle germ-lnyer. A participation of tho inner germ-layer in the forma~ 
tion of the blood-vessels is rendered probable. 


Susmary. 


1. Besides the four germ-layers, which have the form of 
epithelial lamelle, special germs are developed in the higher 
Vertebrates for the sustentative substances and the blood,—the 
mesenchyme-germs. The latter together make up the intermediate 
layer. 

2, The mesenchyme-germs arise by cells detaching themselves 
from epithelial union with the germ-layers, and penetrating as 
migratory cells into the fissure between the four gorm-layors (the 
remnant of the original cleavage-cavity) and spreading themselves out 
in this space, 

3. Germ-layers and mesenchyme-gorm (intermediate layer) ex- 
nibit a difference in the method of their origin: the former are 
developed by foldings of the wall of the blastula, the latter by emi- 
gration of isolated cella from definite territories of the germ-layers. 

4. Mesenchyme-germs arise from the wall of the primitive segment, 
from the cutis-plate, and at certain regions of the parietal and 
visceral lamellm of the middle germ-layer, 

5. Blood-vessels are developed both in the body of the embryo. 
itself, in a manner which still remains to be accurately determined, 
amd also in the territory of the area opaca of meroblastic eggs. 

6, The source of the cells from which the veswels and blood of 
the opaque area arise is at present a matter of controversy. 

7. In the formation of vessels in the opaque area the following 
phenomena are to be regarded :— 

(a) The embryonic cells of the intermediate layer arrange 
themselves :-— 
First into a network of cords, and 
Secondly into the substance-islands (Substanzinseln). 
() There are developed out of the cell-cords, at the same time 
with the secretion of the fluid portions of the blood, the 
endothelial wall of the primitive blood-veasels and their 
collular contents, the blood-corpuseles (blood-islands). 
(ce) The Substanzinseln become embryonic connective substance 
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(@) The place whore blood-vossels and connective substance at 
first arise in the opaque area is sharply limited at the 
periphery by a circular vessel, the sinus terminalis. 

(¢) Since the outer and tho inner germ-layers further con- 

tinue to spread themselves out over the yolk after the 
development of the intermediate layer, the body of the 


Secondly by the ewscular area ending in the sinus 


terminalis, 
Thirdly by the yolk-area, which is cotxtensive with 
the margin of the 
8, The red blood-corpuseles of all Vertebrates posses in the 
earliest stages of development the power of incrense by means 
of division, The red blood-corpuseles of Mammals have at this 
time a nuclous, 
9. The following table gives » survey of the fundamental organs 
of the embryo, and the products of their further development :— 


I Outer Germ-layer. 
Epidermis, hair, nails, epithelium of dermal glands, central nervous 
system, peripheral nervous system, epitheliam of sensory organs, the 
Tens, 


3 U. Primary Inner Germ-layer. 
1, Entoblast, or secondary inner germ-layer. 
Epithelium of the alimentary canal and its glands, epithelium 
of urinary bladder. 
2, Fundament of the chorda. 
3. The middle germ-layers. 
A, Primitive Segments. 
Transversely striped, Soren muscles of the body. Parts 


connective: substances, blood-vessels and blood, 
lymphoid organs, smooth involuntary muscles. 
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CHAPTER X. 
ESTABLISHMENT OF THE EXTERNAL FORM OF THE BODY. 
Arrer having investigated in the preceding chapters the fundamental 


organs of the body of vertebrated animals, or the germ-layers, and 
their first important differentiations into neural tube, chorda, and 
primitive segments, as well as the origin of the blood and connective 
tissues, it will be our next undertaking to make ourselves acquainted 
with the development of the external form of the body, and with the 
decelopmnent of wees? membranes, the latter being intimately 
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‘The difference is referable, fret of all, to the more or leas extensive 
acoumulation of mutritics yolk, the signifieance of which for the 
nascent organism is twofold. 

From a physiological point of view, the nutritive yolk is a rich 
source of energy which alone makes it possible for the embryological 
proceses to take place in uninterrupted sequence, until at length an 
organism, with an already relatively high organisation, begins its 
independent existence, 

From a morphological point of view, on the other hand, the yolk plays 
the réle of ballast, which exerts a restrictive and modifying influence 
on the direct and free development of those organs which are en- 
trusted with the reception and elaboration of it. Even at the very 
‘boginning of development we could see how the cleavage-process and 
the formation of the germ-layers were retarded, altered, and toa certain 
extent even suppressed by the presence of yolk. In what follows we 
‘shall again have occasion to point out the same thing,—how, owing 
to the presence of yolk, the normal formation of the intestinal canal 
and of the body can be attained only gradually and by a circuitous 


process. 

In the second place, the great difference which the embryos of 
Vertebrates present is produced by the medium in which the eggs 
undergo development. Eggs which, like those of water-inhabiting 
Vertebrates, are deposited in the water, are developed in a moro 
simple and direct manner than those which, provided with a firm 
shell, are laid upon the land, or than those which are enclosed in 
‘the womb up to the time of the birth of the embryos. 

Tn tho two latter cases the growing organism attains its goal only 
by very indirect ways. At the same time with the permanent organs 
there are also developed others which have no significance for the 
jpost-embryonie life, but which serve during the egg-stage of exist- 
ence either for the protection of the goft, delicate, and easily injured 
body, or for respiration, or for nutrition, These either undergo 
regressive metamorphosis at the end of embryonic life, or are cast 
off at birth os useless and unimportant structures. But inasmuch as 
they are developed out of the germ-layers, they are also properly to 
be reguried as belonging immediately to the nascent organism—as 
eing its embryonic organs, and as such they too are to be treated in 
morphological descriptions, 

The extensive material which has to be mastered in this con- 
nection I shall present grouped into tio parte. 

In the first part we shall inquire how the embryo overcomes the 


a 
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obstacle which it encounters in the presence of the yolk and acquires 
its ultimate form, 

In the second and likewise more extensive part we must concern: 
ourselves more minutely with the embryonic enveloping structures 


and appended organs, which subserve various purposes. 


The collection of yolk-material disturbs the course of development 
least in the case of the Amphibia, The latter therefore stand, 
as it were, midway between Amphioxus with direct development 

and the remaining Verte- 
brates, and constitute » 
transition between them. 
In the Amphibia the yolk 
shares in the process of 
cleavage; after the close of 
this process it is found ac- 
cumulated for the most part 
in the large yolk-cells which 
form the floor of the blastula 
(fig. 45); at the time of the 
cd differentiation into germ- 

118. Diagrammatic longitudinal layers it is taken up into the 
"heeabeyect are, ste one, rem Baur pcb which A almost 
ne, Neural tubo: z, communiontion of the same with 

Mastopers aad exienteee (01); pt, yolk-eells; », completely fills (fig. 47); after 

Fee agi te Sperry eM capes oF tho formation of the body- 

‘naingle layer of celle. sacs the large yolk-cells lie 

in asimilar manner in the 
yontral wall of the intestine proper (fig. 118 yk). Here they are in 
part dissolved and employed for the growth of the remaining parts 
of the body, in part they share directly in the formation of the 
epithelium of the ventral wall of the intestine. 

Tn consequence of the presence of the great accumulation of yolk- 
cells, the Amphibian embryo acquires a shapeless condition at a time 
when the Amphioxus larva has already become elongated and fish- 
like, The bedy, which is spherical during gastrulation, later becomes 
egg-shaped, owing to its elongation. Thereupon the head-end and 
the tail-end begin to be established at the two poles as small eleva- 
tions (figs 118 and 80). The middle or trunk-part lying between 
the latter becomes somewhat incurved along its dorsal region, in 
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which neural tube, chorda, and primitive segments are developed, 0 
that the cephalic and caudal elevations become joined by means of 
4 concave line. The ventral side of the trunk-region, on the con- 
trary, is greatly swollen and bulges out ventrally and laterally like 
8 hernia, since it is filled with yolk-cells. This swelling is therefore 
called the yolk-sac. 

In the further progress of development the embryo continually 
acquires a more fish-like shape. The anterior and the posterior 
ends of the body, especially the latter, increase greatly in length, 
and the middle of the trunk becomes thinner, for with the consump- 
tion of the yolk-material the yolk-sac becomes smaller and finally 
disappears altogether, its walls being incorporated into the ventral 
wall of the intestine and that of the body. 

The interferences in the normal course of development become greater 
in the same ratio as the yolk increases in amount, as it does in the 
case of the meroblastic eggs of Fishes, Reptiles, and Birds, With 
the latter the yolk is no longer broken up into a mass of yolk-cells, 
as in the case of the Amphibia; it participates in the process of 
cleavage, but only to « slight extent, inasmuch as nuclei make their 
way into the layer of yolk which is adjacent to the germ, and, sur- 
rounded by protoplasm, continue to increase in number by division. 
‘The gastrula-form is altered until it becomes unrecognizable; only 
a small part of its dorsal surface consists of cells, which are 
arranged into the two primary germ-layers, whereas the whole 
ventral side, where in the Amphibia the yolk-cells are found, is an 
unsegmented yolk-mass, 

Thus we acquire in the case of the Vertebrates mentioned a 
peculiar condition; the embryo, if we regard the yolk as not 
belonging to the body, appears to be developed from layers that are 
spread out flat instead of from a cup-like structure (Plate I., fig. 1, 
page 213). Moreover we see even a greater distinction effected 
Detween the dorsal and ventral surfaces of the egy during develop- 
ment than was the case with the Amphibiana The fondaments of 
all important organs, the nervous system, the chorda, the primitive 
segments (Plate I, figs 2, 8), are at first produced exclusively on the 
former, whereas on the ventral side few and unimportant changes only 
are to be observed. These consist principally in the extension of the 
germ-layers, which spread out farther ventrally, grow over the yolk- 
mass (Plate I., figs. 2-5), and form around it a closed sac consisting 
of several layers. This circumcrescence of the unsegmented yolk by 
the germ-lsyers is accomplished, on the whole, very slowly, the more 





voluminous the accumulated yolk-material, the more time it requires = 
thus, for example, in the case of Birds it is completed at a very late 
stage of development, when the embryo has already attained a high 
state of perfection (Plate I, fig. 5). 

In the case of meroblastic eggs, the part of the 
on which the first fundaments of the organs (neural tube, chorda, 
primitive segments, etc.) appear has been distinguished as the 
embryonic area from the remaining part, or the extra-embryonic area. 
‘The distinction is both fitting and necessary; but the names might 
have been more appropriate than “embryonic and extra-embryonic,” 
since obviously everything that arises from the egg-cell, and con- 

sequently even that 

Ba which originates in 

the extra-embryonic 

area, must be rec~ 

koned as belonging 

to the embryo, The 

differentintion into- 

two arens persists in 

the course of farther 

development, and be- 

‘comes expreswd still 

more sharply (fig. 

Pig. 119.—Advanced embryo of « Shark (Pristiurum, after 119). Theembryonic 

ru, Rostryos ty yoko, stalk of th yolkwo;ay, artes 8¥%0, by means of the 

3 ey, Yen vitelling. folding of ite flattened 

layers into tubes, 

alone forms the elongated, fish-like body which all Vertebrates af 

first exhibit; the extra-embryonic area, on the contrary, becomes 

a sac filled with yolle (ds), which, like an enormous hernia, is united 

to the embryo (#m) by means of a stalk (st) attached to its belly, 
sometimes even while the embryo is still remarkably small, 

We must now explain more minutely the details of the processes 
of development which take place in this connection: first the 
metamorphosis of the flattened embryonic ares imto the fish-like 
embryonal body, and secondly the formation of the yolk-sac. 

In the presentation we shall adhere chiefly to the Hen’s egg, but 
for the time being we shall leave out of considoration the formation 
of the ombryonic membranes, 

The body of the Chick is developed by a folding of the flattened 
layers, and by the constricting off of the tubular structures thus formed 


k 
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from the area pellucida. The beginning of the process of folding is 
recognisable upon the surface of the blastoderm by means of 
certain farrows, the marginal grooves (Grenzrinnen) of His. These 
appear earlier in the anterior than in the posterior region of the 
embryonic fundament, in correspondence with the law previously 
enunciated, according to which 
the anterior end of the body 
anticipates in development the 
posterior end. 

At first that part of the 
embryonic fundament which is 
destined to become the head is 
marked off by means of a cres- 
contic groove (fig. 120). In the 
case of the Chick this is indicated 
during the first day of incubation, 
at a time when the first trace 
of the nervous system becomes 
visible, It lies immediately in 
front of the curved anterior end 
of the medullary ridges, with its 
concavity directed backward, 

At a later stage the embryonic 
area is marked off laterally. In 
the case of the embryo seen from 


the surface in fig. 121, in which 
the noural tube is already partly 
clowod und segmented into three 
brain-vesicles, and in which six 


In front of the primitive geoove (ge) lies the 
medullary furvow (ie), with the 

ridges (4). ‘These diverge behind and fade 
out on sither side in front e€ the primitive 
groove ; anteriorly, on the coutrasy, they are 


pairs of primitive segments aro 
Inid down, there may be re- 
cognised at some distance from 
these primitive segments two 
dark streaks, the two lateral marginal grooves. They become 
loss distinct in passing from before backward, and wholly disappear 
at the end of the primitive groove, 

Finally, the tail-end of the embryo is marked off by the posterior 
marginal groove, which like the anterior is crescentic, but has its 
concavity directed toward the head, 

Tn this manner a small part of the germ-lnyers, which alone is 
required for the construction of the permanent body, is separated bya 


Une, lying in front of and oonowitrie with the 
‘iret, is the beginning of the amnlotle fold, 
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groove is deepened into a pit,—the more its ridge is turned back- 
wards, 


‘Two diagrammatic longitudinal sections, one of which is shown in 
fig. 122, the other on Plate I., fig. 11, may serve to illustrate this 
process, 

In fig. 122 there is shown, projecting above the otherwise smooth 
flat surface of the germ-layers, a small protuberance, which enclases 
the anterior end of the neural tube (4.C) and the simultaneously 
forming intestinal tube (D), and which has arison by the formation 
of the fold #.So, The upper sheet of the fold, by directing itself 


xe 





|? 
ue c 


5) 

Spe 

‘Vig. 124,—Diagrammatio longitudinal section throegh the axis of an embryo Bint, aftor 
Bauroun. 

‘The section represents the condition when the head-fold has began, but the tail-fold |e ail! 
weating. 

P.8, Hewl-fold of the somatoplenre ; F. Sp, head-fold of the eplanchnopleure, forming at dp the 
jower wall of the front end of the mesanteron ; D, onvity of the fore gat; pp, plearoperitaneal 
cavity ; Am, fundament of the anterior fold of the amnion ; ¥,¢, nearal tube; OA, chords; 
A, &, G outer, middle, inner germ-layer, everywhere distinguished by different abading ; 
Bt, heart, 


‘backwards, furnishes the ventral wall of the cephalic elevation; the 
lower sheet forms the floor of the marginal groove. 

Tn the second figure, in which there is represented a diagrammatic 
Jongitudinal section through an older embryo, the head-fold (4/7) bas 
extended still farther backward. The head has thereby become 
longer, since its under surface has increased in consequence of the 
advance in the process of folding. 

Whoever desires to make this process, which is very important for 
‘the comprebiension of the construction of animal forms, clearer and 
more intelligible, may do so with the help of an easily constructed 
model. Let him stretch out his left hand on a table, and spread flat 
over the back of it a cloth, which is to ropresent the blastoderm ; 
then let him fold in the cloth with bis right hand by tucking it a 
little way under the points of his left fingers. The artificially pro- 
duced fold corresponds to the head-fold proviously described. ‘Tho 





points of the fingers, which by the tucking under of the cloth have 
received a covering on their lower sides, and which project above 
the otherwise flattened cloth, are comparable to the cephalic eleva- 
tion. In addition we can represent the backward growth of the: 
head-fold by tucking the cloth still farther under the left fingers. 
toward the wrist, 

‘The hinder end of the embryo develops in the same manner as the 
front end, only somewhat later (compare fig. 11, Plate L). Corre- 
sponding to the posterior marginal groove (gr), the tail.fold isso formed 
that its ridge is directed forward and that it grows toward the head-fold. 

‘Where in surface-views of the blastoderm the lateral marginal, 
grooves are to be seen (fig. 121), one recognises on cross sections the 
lateral folds (Plate I, fig. 8 sf). They grow at first directly from 
above downwards, thus producing the lateral walls of the trunk. 
Afterwards their margins bend somewhat toward the median plane- 
(Plate L, fig. 94/), thereby approaching each other, and in this way 
gradually draw together to form a tube (Plate L, fig. 10), By their: 

the trunk acquires its ventral wall. 

Tn order to avoid misconceptions, let it be further remarked that 
only at tho beginning of their formation are head-, tail-, and Isteral 
folds somewhat separated from one another, but that when they 
are more developed they are merged into one another, and thus are 
only parte of « single fold, which encloses the fundament of the embryo. 
on all sides. 

As the separate parts of this fold increase, they grow with their 
bent margins from in front and from behind, from right and from 
left, toward one another, and finally come near together in a small. 
territory, which corresponds approximately with the middle of the 
surface of the embryo’s belly, and is designated on the figure of the: 
cross section through this region (Plate T., fig. 10) by a ring-like line 
(in). Thus a small tubular body is formed (Plate I, fig. 3), which lies. 
upon the extra-embryonic area of the blastoderm and is united to it 
by means of a hollow stalk (hn). The stalk marks the place where 
the margins of the folds, growing toward one another from all sides, 
have met, but a complete constricting off of the embryonic territory” 
from the extra-embryonic does not take place. 

We can also represent these conditions, if, in the previously men- 
tioned model, we in addition fold in the cloth that covers the tips 
of the fingers along the sides of the hand and the wrist, and then 
carry the circular fold thus artificially formed still farther under, 
even to the middle of the palm. Then the cloth forms around tho: 
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hand a tubular sheath, which is continuous at one place by means 
of « connecting cord with the flattened remaining portion of the 
cloth. : 

A process similar to the externally visible one just deseribed, by 
which the lateral and ventral walls of the body are produced from 
the sheet-like fundaments, takes place at the same time within the 
embryo in the splanchnopleure. There are developed from it, as 
from the somatopleure, an anterior, a posterior, and two lateral 
intestinal folds. 

First, at the time when the head is differentiated (fig. 122), the 
part of the splanchnopleure corresponding to it (F.Sp.) is folded 
together into a tube, the so-called cavity of the fore gut ov head-gue (D). 

‘The same process repeats itself on the third day of incubation at 
the posterior end of the embryonal fandament, where, upon the 
appearance of the caudal part (Plate I., fig. 11), there is formed 
within it and out of the splanchnoploure the cavity of the hind gut. 

Both parts of the intestine at first terminate with blind ends 
directed toward the outer surface of the body. At the head-end 
the mouth-opening is still wanting, at the posterior end the anus, 
When, however, one raises the blastoderm with the nascent embryo 
from the yolk, and examines it from the under sido, the anterior 

* and pesterior portions of the intestinal canal exhibit openings (edpf 
and Adp/), through which one ean look from the yolk-side into the 
blind-ending cavities. One of these is called the anterior, the other 
the posterior, intestinal portal or intestinal entrance (Plate L,, fig. 12 
vdpf and hdpf). 

Between the two portals the middle region of the intestinal canal 
remains for a long time as a leaf-like fundament, Then by its 
becoming somewhat bent downwards (Plate L., figs, 9 and 2) there 
arises under the chorda dorsalis an intestinal groove (dr), which lies 
between fore and hind gut, Owing to the further increase of the 
Interal intestinal folds (df), the groove becomes deeper and deeper, 
and finally, by the approximation of the edges of the folds from in 
front, from behind, and from both sides, becomes elosed into a tube 
in the same manner ss the wall of the body. 

At only one small place, which is indicated by the ring-like line 
dn in Plate L, figs. 3. and 10, the folding and constricting-off process 
is not completed, and here the intestinal tube too remains con- 
tinuous, by means of a hollow stalk, with the extra-embryonic part 
of the splanchnopleure, which encloses the yolk. 

‘The part of the germ-layers which is not employed in the formation 
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of the embryo furnishes in the case of the Reptiles and Birds the 
yolk-sac and certain embryonic membranes, I shall speak of the 
development of these in the next chapter, 

The fate of the extra-embryonic area of the blastoderm in Fishes 
is more simple, since there is formed from it only a sac for tho 

reception of the yolk. 

Fig. 123 exhibits the embryo (£m) of a Selachian, which has 
arisen by the infolding of a small area of the germ-layers in the 

manner described for 

ae the Chick. All the 

remaining part of 

the egg bas become 

a great yolk-sac (ds), 

which is united with 

the middle of the 

belly by means of « 

stalk, 

‘The Teleosts (Plate 

L, fig. 6) show us 

transitions from this 

Fig. 189,—Advanced embryo of a Shark (Pristicrus), after condition to one in 

Bee Banyo; polio} ok ose of Un yeaa fae, irra which the yolk-sac, 

“itellina ; we, vena vitelling, as in Amphibians, 

is not separated by 

a stalk from the mesenteron, but represents only a capacions 
enlargement of the latter and of the belly-wall. 

‘Let us now examine more carefully the structure of the yolk-sac. 
As has been remarked already, all four of the germ-layers spread 
themselves out one after another around the unsegmented yolk-mass 
of meroblastic eggs (Plate I., fig. 6 and 7), Asin the embryonal 
body the two middle germ-layers separate from each other and allow 
the body-eavity to appear between them, so, too, at a later stage 
the same process occurs in the extra-embryonic area, Throughout 
the region of the middle germ-layer there is formed a narrow 
fissure, for which the name “extra-embryonic body-cavity,” or 
Dlastospheric celom (cavity of the blastoderm, Kéutixer), would be 
most suitable, It separates the envelope of the yolk into two layers, 
of which the inner is the immediate continuation of the intestinal 
wall (splanchnopleure), the outer, on the contrary, that of the body- 
wall (somatopleure). Therefore, to be exact, we have before us a 
double sac formed around the yolk, which we can distinguish as 
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intestinal yolk-sac and dermal yolk-ssc. The former is simply » 
hernis-like evagination of the intestinal canal, and, like it, is 
composed of three layers :— 

(1) The intestino-glandular layer (ik),—the entoblast or secondary 
entoderm, which encloses the yolk ; 

(2) The visceral middle layer, or the pleuroperitoneal epithelium 
(mi); and 

(3) The intermediate layer (Zwischenblatt), in which have been 
developed the vitelline blood-vessels, which at the beginning of the 
ciroulation of the blood have to conduct the liquefied nutritive 
material from the yolk-sac to the places of embryonic growth, 

‘The dermal yolk-sac is, a5. continuation of the body-wall, likewise 
composed of three layers—the epidermis (ak), the parietal middle 
layer (m&*), and the connective-tissue intermediate substance 
(Zwischensubstanz). 

Tt hag already been stated that the constricting-off of the yolk-sac 
from the embryonal body is quite variable in extent, and can go so 
far that the connection between the two is kept up only by means 
of a narrow stalk, A more careful examination shows that in the 
latter case the stalk itself is composed of two narrow tubes one 
within the other (Plate I, fig. 7), of which the outer unites the 
dermal yolk-sac (he) to the ventral wall of the body, and the inner 
the intestinal yolk-sc to the intestinal canal, The former is called 
the dermal stalk, the latter the intestinal stalk (dr) or vitelline 
duct, ductus vitello-intestinalis, The place of attachment of the 
dermal stalk in the middle of the ventral surface of the embryo is 
called the dermal navel (Am); the corresponding place of attachment 
of the intestinal stalk to the wall of the intestine the intestinal 
navel (dr). The embryonic body-cavity opens out between the two, 
and is continuous with the fissure between dermal and intestinal 
yolk-sne—with the “extra-embryonic body-eavity” or the blasto- 
spheric ealom (/h*), 

‘The ultimate fate of the yolk-sac in the Fishes is the same as in 
the Amphibia. It is still employed, even in the extreme case of the 
Selachians, for the formation of the wall of the intestine and that 
of the body, The more its contents are liquefied and absorbed, 
the more the yolk-sac shrivels. When the intestinal yolk-sxc has 
become very small, it is drawn into the body-cavity and finally 
serves to close the intestinal navel, just as the dermal yolk-sac upon 
its disappearance closes up the dermal navel. With the lower 
Vertebrates a shedding of the embryonic parts has not yet come into 


a 
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existence, Tho noxt chapter will explain what becomes of the 
‘olk-sac in the caso of Reptiles and Birds, 


Summary. 
1, In the case of Vertebrates whose eggs contain little yolk, the 


2. In eggs with abundant yolk the body of the vertebrated animal 
is produced by only a small region of the germ-layers (the embryonic 
fundament) ; the far greater extraembryonic area is employed for 
the formation of a yolk-sac and of embryonic membranes (the latter 
vonly in Reptiles and Binds). 

3. The separate layers of the embryonic fundament constrict them- 
selves off from the extra-embryonic territory, and at the same time 
become folded into tubes—the somatopleure into the tubular body- 
wall, the splanchnopleure into the intestinal tube (head-fold, tail-fold, 
lateral folds, intestinal groove, intestinal fold). 

4. The extra-embryonic territory of the germ-layers remains in 
continuity with the two tubes by means of a stalk-like connection, 

5. In Fishes the extra-embryonic territory of the germ-layers 
‘becomes the yolk-sac, which is composed of two sacs, the intestinal 
and the dermal yolk-sacs, separated from ench other by a pro- 
Jongation of the embryonal body-cavity. 

6. The place where the dermal yolk-sac is attached to the belly- 
wall of the embryo by a stalk-like prolongation is called the dermal 
navel or umbilicus; the corresponding place of attachment of the 
intestinal yolk-tac to the middle of the intestinal canal is the 
intestinal navel or umbilicus. 

7. In Fishes the yolk-sac after resorption of the yolk-material, 
necompanied by the phenomena of shrivelling, is employed for the 
closure of the intestinal and dermal navels, 

8. In Reptiles and Birds the extra-embryonio region furnishes, 
in addition to the yolk-sac, several other embryonic membranes, 
which complicate the development. 
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‘specia] egg-envelopes (embryonic or fetal membranes), Some of 
them, according to their origin, are to be referred to the extra- 


embryonic area of the germ- 
Jnyers, and indeed to that part 
which in Fishes is employed for 
the yolk-suec, They arise from 
folds, which grow around the 
embryo while it is still small, 
and fornish a double envelope 
for it, 

‘The egg-envelopes (embryonic 
membranes) of Reptiles and 
Birds, which exhibit almost 
identical conditions, and the 
consideration of which we shall 
take up first, are more simply 
constituted than those of Mam- 
mals. In the case of the former 
there are associated with the 
yolk-eac, in the possession of 
which they agree with the 
Amphibia and Fishes, throe 
additional embryonic appen- 
dages, the amnion, the mem- 
brana serosa (or briefly serosa), 
and the allantois, They are 
partly laid down at an early 
period, at the time when the 
embryonic body is converted 





Fig, 194.—Surface-view of the pallucld area of 
‘& blastoderm of » Chick of 


rT) 

In front of the primitive groove, ye, icy the 
tmodullary furrow surrounded by the medullary 
folds, Immediately in front of these one sees 
curved line, the hewk-told, and fn front of 
it ® second curved line running concentric 
vith it, the anterior fold of the amnion, 


into tubes by the infolding of the germ-layers and is thereby con- 


stricted off from the yolk-sac. 


The Chick shall again serve as a basis for our description. 


1, The Amnion, the Serosa, and the Yolk-Sao, 


‘The amn.on is « structure the appearance of which is recognisable 
remarkably early in the Chick. At the time when one recognises 
the semicircular head-fold at the anterior end of the incipient embryo 
(fig. 124), by the growth of which the head of the embryo is marked 
‘off, there is already present, at a short distance from it, a second fold 
running parallel to it. This is the anterior fold of the amnion, % 
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product of the extra-embryonic part of the ectoderm and of the 
parietal mesoderm united with it. 
‘The two infoldings, which lie near to each other, have opposite 


Fig. 125,—Dingrammatio longitodinal sectien through the axis of an ombeyo Birt, after 
DALroun. 

Tue serio roprmmate the eondition when the bendable see form, ut the tfc ko 
still wanting. 

F.S, Heul-foli of the sowatoploure; F.Sp, head-fold of the splanchnopleare, forming at Ap 
the floor of the anterior part of the intetine, For the remaining references see fig. 122, 
nw 


directions (fig. 125), While the head-fold (#.So) advances with ite 
margin toward the yolk, the anterior fold of the amnion (4m), sepa~ 
rated from it by the marginal groove, rises externally above the 


‘ig. 120,—Dingrammatic longitudinal seetion through the posterior end of an embryo Ohick at 
the time of the formation of the allantois, after KALrOUR, 

«p,m, hy, Outer, middie, and inner germ-layers ;¢4, chords ; Sp.c, neural tube ; n.c, nourenteric 
canal: p.<.g, port-anal gut; pr, remains of the primitive streak folded toward the ventral 
ide; of, allantois; an, point where the anus will be formed; pc, periviscera) cavity; 
‘em, amnion ; #0, somatoglouro§ ap, xplanchnopleure. 


plane of the blastoderm. At the time when the bead is being formed, 
the amnion enlarges rather rapidly (Plate L., fig. 11 ay),andgrows over 
and around the head in a cap-like fold, the rim of which is directed 
backwards. At the end of the second day of incubation it already 
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covers the anterior part of the head like » thin transparent veil, and’ 
is therefore called the cephalic sheath. 

In like manner, but at a somewhat later stage, there arise at the 
tail-end and at both sides of the embryo the posterior and lateral 
folds of the amnion The posterior fold is still very inconspicuons even 


Tumclepiate: apy. spinal gangtion; me, spinal card (mental tube) ; ch, chords; 


so, eomatopleure ; sp, aplanchnopleure; ed, Wolffirn dact ; st, segmental canal ; ect. 
‘Ay, hiypobast (entoblast). 











Kavore. 


Pig, 127.—Transverse section through the trunk of a Duck emarye with about % primitive segments, after 


as 
ae 
7 





at the time when the head is covered with the veiblike pellicle 
(Plate 1, fig. 11 haf). It enlanges slowly, and under the name of 
coual sheath covers over the posterior end of the body (fig. 126 am), 

The lateral foldsof the anion ave elevated externally to the lateral 
marginal grooves (fig. 127 om), and project in the opposite direction 
from those lateral folds by tho bending in of which the lateral and 
ventral walls of the embryo are produced. By this means the rim 

l4 
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of the fold is carried farther and farther from the slanchnopleure: 
(sp), which remains spread out flat over the yolk. In this way the 
extra-embryonic part of the body-cavity, or the cavity of the blasto- 
dorm (Kéiuraxen), increases in extent in the vicinity of the embryo. 
When the lateral folds of the amnion have grown up to the dorsal 
surface of the embryo (Plate L, fig. 9 saf), they begin, by the bending 
over of their edges medianwards, to form the so-called lateral 
sheaths. 5 

Thasmuch as the folds of the amnion, which are called by special 
names, become, when they are in fall development, continuous, and are 
only parts of a single ring like fold, the embryo eventually becomes 
surrounded on all sides as though by a high wall, With further 
enlargement, the amniotic sheaths then bend together over the back 
of the embryo from in front and behind, and from the right and 
the left (Plate I, figs. 2, 3, and 10, af, raf, haf’), come together 
with their edges in the median plane, and then fuse with each other 
along a line, the amniotic suture, which closes from in front back- 
wards (Plate I., fig. 10), except that at one very small place near 
the tail-end the closing is interrupted for a considerable time, and 
a small opening is preserved. 

The fusion of the amniotic folds takes place in the same manner 
as the fusion of the medullary folds described on page 79. Each 
fold (Plate I., figs. 3 and 10) consists of two layers, an inner and an 
outer one, which are continuous at the margins of the folds, and are 
separated by a fissure, which is a portion of the extra-embryonic 
body-eavity. At the amniotic suture the corresponding layers of 
the folds of both sides fase, and hand in hand with this a separa- 
tion of the inner from the outer layers takes place (Plate I., fig. 4). 
An a result of this there Aave noi arisen tivo envelopes over tho 
Inck of the embryo, ai inner and an outer one, the amnion (A) and 
the serowa (8). 

The amnion is the product of the inner layer of the folds (Plate T., 
fig. 10 if6), It forms m sac which immediately after its origin is 
closely applied about the embryo, and which encloses a very small 
amniotic cavity filled with fluid. 

The serous membrane (seresa), which is derived from the outer 
layer of the folds (afb, Plate I., fig. 10), lies as a very delicate trans 
parent membrane closely applied to the amnion, and thus encloses 
the embryo in still another envelope. 

If we now glance back nt the conditions described in the previous 
chapter, and compare the development of Fishes with that of Reptiles 
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and Birds, it is to be seen that a considerable complication has arisen 
in the case of the latter. Whereas in Fishes the extra-embryonic 
area of the somatopleure becomes exclusively the dermal yolk-sne, in 
Reptiles and Birds two sacs have arisen out of it by a process of 
folding. The influonces producing this folding appoar to be clear, 
Since the egg is enclosed in firmly applied envelopes, the embryonic 
body, when it is formed by the folding together of the germ-layers, 
cannot rise from the yolk-sac; it therefore comes to lie in a depres- 
sion of the latter. There is the more reason for the occurrence of 
this because the embryo at the beginning of development is exces- 
sively small in comparison with the yolk, and because the yolk-layers 
immediately underlying it become liquefied and absorbed. With 
the sinking of the body into the yolk (Plate I, figs. 2 and 3), the 
parts which in Fishes become the simple dermal yolk-suc (Plate 1, 
figs. 6 and 7) fold in around it on all sides as amniotic folds, and 
enclose it the more completely the deeper it sinks into the yolk. 


‘The preceding account of the development of the amnion is made some- 
what schematic in a single point, That is to say, the anterior fold of the 
fmnion ix developed so carly, that the middle germ-layer bas not yet been 
able to spread out as far as the anterior part of the embryonic area, The in- 
foliling, therefore, in this region involves only the outer and inner germ-layers, 
which are still closely united, ‘This condition is changed somewhat later, 
when the middle germ-layer has grown into the region of the anterior fold of 
she amnion, and has there split intoa visceral and a parietal layer. ‘The process 
has not yet been followed out in detail in serles of lougitudinal sections, But 
at all events we must assume that the entoblast, which is united with the 
visceral middle layer, retracts from the anterior fold of the amnion and 
ayain spreads ont flat, as is represented in diagrammatic figure 11 (Plate 1). In 
this manner the anterior amniotic fold, which in the meantime has become 
xreatly etlarged, now consists of the onter gorm-layer and the parietal middle 
layer, as is the case from the beginning with the qbsequently arising posterior 
and lateral folds of the amuion. 


We now have to enter still more particularly upon the further 
relations of amnion and serosa. 

Up to the end of embryonic developinent the amniotic sac remains 
in continuity with » small region on the ventral side of the embryo, 
whieh is called the dermal umbilicus. Tn figs. 3, 4, 5, and 10 
{Plate 1.) this place is indicated by means of a circular line (ln). 
Here the primitive layers of the body-wall are continuous with the 
corresponding layers of the amnion, as, for instance, the epidermis of 
the body with an epithelial layer lining the amniotic cavity. The 
dermal umtolicus of Reptiles and Birds corresponds therefore with 
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the structure of the same name in embryo Fishes (Plate L, fig. 7 Aw), 
for it is at this point that the dermal yolk-sac is continuous by means 
of its stem-like elongation with the walls of the belly, As in the 
Fishes, it surrounds an opening (Plate L., figs, 7 and 5 An) which unites 
the portion of the body-cavity lying within the embryo (/') with 
the extra-embryonic part lying between the embryonic membranes: 
(U@), Furthermore, the stalk of the yolk-sac or vitelline duet, 
which is continuous with the embryonic intestine, and which is 
indicated in the above-mentioned figures of Plate I. by the small 
circle dn, passes through the opening. 

‘The amniotic sac affords an additional special advantage to the 
embryos of Reptiles and Birds in that an albuminous saline fluid, the 
liquor amnii, collects in its cavity, In it the delicate, easily injured 
embryo composed of plastic cells floats, as it were, and is able to 
move. 

‘The amniotic sac is small at the beginning of its development, but 
enlarges with each day of incubation, since it keeps pace with the 
growth of the embryo and encloses a larger and larger amount of 
amniotic fluid. 

At the same time its wall becomes contractile. Certain cells in its 
somatic mesoderm develop inte contractile fibres, which in the Chick 
give rise to rhythmic movements from the fifth day of incubation 
onward One ean observe these while the egg-shell remains intact, 
if one holds the egg toward a source of bright light, and for this 
purpose makes use of the odscope constructed by Preven. In this 
manner it.can be determined that the amnion executes about ten 
contractions in a minute, which, beginning at one pole, proceed to 
the opposite end, like the contractions of a worm. Thus the amniotic 
fluid is set in motion, and the embryo ascillates or rocks regularly 
from one end to the othr, The rocking of the embryo, as Preres 
expresses it, becomes more and more obvious in the later days 
of incubation, since the contractions of the amnion become more 
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yolk becomes overgrown and as the vascular area extends farther 
downwards, Parietal and visceral middle layers separate more and 
more from each other, until finally (in the Chick toward the end of 
incubation) a separation results over the entire periphery of the yolk- 
sphere, Figs. 3, 4, and 5, Plate 1, show stages in this process. In 
the last figure, which represents the condition on about the seventh 
day of incubation, the extra-embryonic part of the body-cavity has 
already beecme very considerable ; the serous envelope ix, with the 
exception of a small place at the vegetative pole of the yolk, every- 
where formed as a separate structure. 

In connection with this the wall of the yolk-sac also becomes 
changed, Whereas at tho beginning of the overgrowth it embraces 
for a considerable distance all the germ-layers, after tho separation 
of the serosa it ix compased exclusively of entoderm and the visceral 
middle layer, 


Exrtayanion or ‘Tie Fiounes ox Puate I, 


Figs. 1-5 are diagrammatic representations of cross and longitudinal sections 
throagh the Hen's egg at different stages of Incubation. ‘They are intended to 
iMustrate how the body of the Chick is developed ont of the embryonic funda- 
ment, and how the yolk<ac, the amnion, the seross, the allantois arise ont 
of the extra-embryonic area of the germ-layers, 

For the sake of clearness the embryonic fundament, and later the embryo, 
are reprosented much too large in relation to the yolk, 

In order more easily to distinguish the different parts from one another 
different colors have been selected for them. The yolk is represented in 
yellow, the entoderm green, the outer germ-layer blue, and the middle germ- 
layer, together with the mesenchyme, red. ‘The black dots indicate the limit 
to which the outer and inner germ-layers have grown over the yolk in the 
Aifflerent stages; the red dots mark the boundary for the time being of the 
middle germ-layer, which after the development of the blood-vessels ends in 
the sinus terminalis, 


The references apply to all of the figures. 


4b, Outer grree-teyer (Lilie), 4p, Vitelline duet, 

, Medullary ridges or folds, 
, Neural tube. 
ef, Amniotic told. | 
wal, Auf af, Anterior, ponterior, atu Saternt | sal, Aftie yerete yer (re). 

aroniotie folds, , Parietal lamelie of the mine of parietal 
A, Amnon, twiddle layer 
‘nb, Aumpiotic cavity. mab? Visceral lauuelia of the aatoe or visceral 
5, Serous mernbenos (Seross) middle ayer 
in, Dermoat nuabitiens. Hf, Lateral Lioit of the mito, eiowe eerrulualla, 
Wf, Laharal falda. k7*, 67%, Mendsfol; af, (76, roarginal vein 

ater and inner limbe et fold, da, eat, Doral ata ventinal mnewenterien 
Ab, fmer gerstayer (greet) 1b, Bodyceavity, c', Buitryomle, (i, extra. 
07, 188 margin o€ erergrowth. embeyoule just of the watne, 
ir, Intestinal groove, 





a4 EMBRYOLOGY, 


Fig. 1.— Cross section through « Hen's egg on the second day of inewbation. 
sparen ipapubyftelite sre mer aayer} 


now distingulshes.tl 
dotted line (st), and external to it the yolk-area: 
oy chek Antan ibe Gath tks age oe cece 
germ-layers, 


Fig. 2-—Criss motion through a Hen's egy on the third day of incubation. 


‘The outer and inner germ-layers are spread out over half of the yolk. 
‘The yolk-area (dh) terminates with the black dotted line (wr), the edge of 


‘The middle germ-layer, with the vascular area, which is now well developed, 
thas alxo grown over the yolk ax far as the line st (the sinus terminalis), In. 
the middle germ-layer the body-cavity bas become distinct in the embryonic 
rogion (Ui!) and in its immediate vicinity (W/*), the parietal (m4!) and visceral 
middle layers (m4*) having separated from each other. 

The embryonic fundament begins to be constricted off from the extra- 
embryonic part by a process of folding and to constitute the trank. ‘The lateral 
folds (gf) have grown downwards for # certain distanos, thus giving rise to 
the lateral walls of the trank, whereas ventrally the body is still open. Corre- 
sponding to these Internl folds (4f), the lateral intestinal folds (df) have 
arisen on the splanchnopleure, and bound the intestinal groove (dr). 

The embryo in process of being constricted off has sunk into a depression of 
the more and more Hquefied yolk, and becomes partly enveloped by the somato- 
pleure of the extra-embryonic area of the germ-layers, the lateral folds of 
the amnion (af) having already encircled the sides of the embryonic body. 


Fig. 8 shows a longitwitinat seetion through tho stage represented in crus 
section in fig. % (Third day of incubation.) 


‘The bead-end of the body fs entirely constricted: off from the blastoderm. 
It encloses the cephalic portion of tho intestine (Kopfdarmbihle). The tail- 
end is only slightly differentiated. ‘The anterior fold of the amnion (ea) bas 
invested the head, the posterior fold (Raf) the tail (cephalic sheath, caudal 


‘al grows out os a small 
i intestinal cavity into 
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Fig. 4.—-Longitwdinal section through @ Hen's egg at the beginning of the 
fifth day. 


Aftee the fosion of the atmniotic folds, the embryo, togetber with the amniotic 
cavity (ak), is enveloped in theamnioticsac, The serous membrane (S) has been 
developed from the outer layer of the amniotic fold. By further separation 
of the middle germ-layers the extra-embryonic part of the body-oavity (UM) 
as enlarged, nnd the allantois (al) has grows into it. 

With the exception of a third of its surface, the yolk has become overgrown 
by the outer and inner germ-layers, as far as the line wr. ‘The vascular urea 
has extended to the line st. Tho cephalic portion of the intestinal cavity has 
opened into the amniotic cavity by means of the newly arisen mouth (m). 


Figg. 5,— Longitudinal section through a Hen's egy on the areenth day of 
incubation, 


By the enlargement of the extra-embryonic body-cavity the serous membrane 
(scrom) bax entirely separated from the yolk-sae, with the exception of » small 
urea, The outer and the inner germ-lnyers have now grown over the yolk on all 
sides; the middle germ-layer with the vascalar area has extended father 
downwards, The amniotic cavity, in which the embryo floats, has become 
much extended by the increase of the amniotio fluid, The allantois has 
enlarged considerably, and forms a sac, which connects with the hind gut 
by means of a narrow stalk (arachus), The sac extends out into the extra. 
embryonic body-cavity between amnion, yolk-sao, and serous membrane, more 
particularly on the right side of the embryo. 


Fig. 6 represents a diagrammatic crov seetion through an embryo Fish, 


‘The dorral. part {s already far advanced in development and encloses the 
neural tube (1¥), the chorda (es), the aorta (ao), and the primitive segments, 
‘The ventral side is greatly distended by the considerable yolk-mass (d). The 
latter Hes in an enlargemont of the intestinal canal, the intestinal yolk-snc; 
this fs separated from the enlarged dermal yolk-sac by means of @ narrow 
fissure, the bedy-cavity (1) 


Fig. 7.—Dingrammatic longitudinal section through @ Sclachian embryo. 


‘The yolk-sac has been partly constricted off from the body of the emoryo; 
it still remains united to its ventral side, but only by meansof a narrow stalk (ef), 
which consists of two tabes, one within the other, the intestinal stalk (vitelline 
duct) and the dermal stalk, The yotk-sac communicates with the embryonic 
intestinal canal by means of the vitelline duct, ‘The point of transition is 
called the intestinal umbilicus (dn). ‘The point of attachment of the dermal 
stalk to the belly of the embryo is the dermal umbilicas (4m). The space 
between dermal and intestinal umbilicus (/m and dm) serves to put the body 
cavity of the embryo ({A') in communication with the body-space (JA") between 
the dermal and intestinal yolk-sacs, 
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Figs. 8, 8, 10, 11.—Diagrammatio ross and longitudinal sections throwgh 
ombryo Chicks of different ages. 





iy. 8.—Half of a oross section through an embryo Chich o two days, after 


KOLLIKER, 


The embryonic body, in which the neural tnbe (¥), chords (oA), primitive 
segment with its cavity (xh), primitive aorta (ao), and the fandament of the 
primitive kidney (un) are to be seen, ia marked off from the extra-embryonic 
region of the germ-layers by the marginal groove (gr). The body-wall begins 
to be developed, owing tothe somatopleure having given rise to the lateral fold 
(), the ridge of which is directed toward the yolk. External to it the lateral 
fold of the amnion (saf) rises in an opposite direction. 





Fig. 9—Cross section of an embryo Chick at the beginning of the third day, 
after KOLLIKER. 5 


The lateral folds (#/) have grown farther downwani, and have completed the 
body-wall. The lateral folds of the amnion (saf) likewise have risen up farther 
toward the back of the embryo. The splanchnopleare has folded in to 
form the groove dr. The dotted line An indicates the still broad dermal 
umbilicus, the line dn that of the intestinal umbilicns. 


Fig. 10.—Cross section through the trunk of a sice-days ombryo Chiok in the 
region of the umbilicus, after REMAK. 


By an approximation of the lateral folde, the body-wall has been completely 
formed up to the region enclosed by the line Aa, in which the body-cavity still 
possesses an opening, and communicates with the extra-embryonic portion of 
the body-cavity, At the line An, the dermal umbilicus, the body-wall bends 
over into the folds of the amnion (af), which have grown over the back of the 
embryo, and are about to fuse along their edges. At the dermal umbilicus 
(dn) the intestinal tube (d) passes over into the yolk-sac, which is not 
represented. 


Fig. 11.—Diagrammatic longitudinal section through an embryo Chick. 


The head is already fully differentiated from the blastoderm by the process 
of folding, the tail-portion is less completely separated ; the former encloses 
the cephalic portion of the intestinal cavity (kd), which is in connection with 
the yolk-sac by means of the anterior intestinal portal (r.dpf). The pelvic 
portion of the intestinal cavity, which shows the first traces of the allantois 
(al), communicates backwards and above with the ncural tube by means of the 
neurenteric canal (cn), and toward the yolk-sac by means of the posterior 
intestinal portal (/.dpf). The head-end is already partly ensheathed by the 
anterior ainniotic-fold (caf), whereas at the tail-end the posterior amniotic fold 
(haf) is just beginning to be elevated. 
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2. The Allantois. 


While the development of the amnion ix still going on, there is 
formed in Reptiles and Birds an embryonic organ of no less import- 
anee, the allantois, or urinary sac. It has two different functions 
to perform at the same time. In the first place it sarves, as its 
name implies, for the reception of the excretory products which are 
furnished during embryonic life by the kidney and primitive kidney ; 
and secondly, by virtue of the abundance of blood-vessels and the 





19%,--Diagrammatic longitudinal seetion through the posterior end of ax embryo Chick at 
‘the time of the formation of the allantels, after Bacroun, 

‘The metion shows that the neural tate, Spc, Is continnovs at ite posterior enil with the hind 
gut, pa.g, by means of the nyarenteric canal, «4, The latter janes through the remains of 
‘Uhe peitaitive streak, pr, which is folded ower toward the ventral ide. «ps, Outer germlayers 
‘Ap ahorda ; Ay, entodermn (hypoblast) ; el, allantols ; se, middle porm-layers ex, the pont 
‘where the anus will arise } am, amnion ; 6, seaistoploure 4, sptanchnoploure, 














superficial position that it acquires, it is the most important organ of 
respiration. 

‘The allantois takes its origin from the posterior partion of the 
hind gut, which is afterwards designated as the cloaca, and in the 
Ohick the first traces of it can be recognised even at the end of 
the second day, at a time when the walls of the hind gut are still 
in the process of formation. It appears in this instance as a small 
cecal evagination (al) on the anterior wall of the splanchnopleare 
(hy) (fig. 128; Plate I., fig. 3 al). 

The evagination is lined by the entoderm, and is covered exter- 
nally by a growth of the splanchnic mesoderm, It enlarges rapidly 
intoa vesicle, which grows out indo the bod vity (Plate I., fig. 4 al), 
At the same time the blind end enlarges, whereas the proximal part, 
where it passes over into the hind gut, becomes narrow and elongated 
into a hollow stalk, the urinary duct or urachus, 
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On the fourth day the urinary suc is so enlarged that it can 
‘no longer find room in the embryonic part of the body-cavity, and 
therefore forces itself into the extra-embryonic portion of it between 
the intestinal and dermal portions of the umbilical stalk (Plate L, 
fig. Sal). Hore it comes into the space between the yolk-sac (de) and 
amnion (4); then it comes in contact with the inner surface of the 
serosa (8), and sprends out under it for a considernble distance over 
the right side of the embryonic body. 


In regard to the suhsequent fate of the embryonio membranes in the 
Ohick, it is to be noticed that up to the middle of incubation, i, up 
to about the eleventh day, they continue to develop in a progressive 
direction, but that from this time onward certain regressive processes 
commence, which Inter become more and more apparent. 

In the first period (fifth to eleventh day) the" following changes 
are effected in the yolk-sac, the amnion, the allantois, ete, The 
vascular area spreads out, in the manner before described, over a 
greater area in the wall of the yolk-sac, which still retains a 
considerable size. On the seventh day it covers about two-thirds 
(Plate I., fig. 5), and on the tenth three-fourths of the yolksac. At 
the same time the marginal vein becomes indistinct, and the sharp 
separation from the non-vascular portion ceases, 

The contents of the yolk-sac have become fluid by chemical 
changes of the yolk-nass. The serosa (S) is raised from its surface 
as far as the vascular area has extended, owing to the enlargement 
of the extra-embryonic ly-cavity, At the same time the allantois 
(Plate I., fig. 5 al) has grown into the intermediate space. This has 
enlarged so much by the tenth ‘day that it leaves uncovered only a 
small portion of the yolk-sac and amnion. Tt has lost still more 

tween its outer layer, which almost 
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is acquired in part directly through the egg-shell and in part out of 
the air chamber (fig. 8 a.ch) situated at the blunt pole of the egg, 
which is in contact with a large part of the allantois. 

Finally, in addition to respiration, the allantois serves for the 
resorption of the albumen, which becomes more and more thickened 
during incubation, and compressed into a lump at the pointed pole of 
the egg. It grows over the albumen and envelops it in a sac, the epi- 
thelial surface of which arose from the serom, which was evaginated 
at the same time with the growing allantois. Thore are developed on 
the inner surface of the sac highly vascular villi, which sink into the 
albumen, and have been described asa placenta by Duvat, who has 
called attention to these conditions. 

The air chamber also has undergone modifications during incuba- 
tion, and, at the same time with the acquisition of air, has increased 
in size by the separation of the two layers of the shell-membrane in 
which it is enclosed (fig. 8, p. 17). 

Finally, the amnion, which at the beginning of its development is 
rather closely applied to the embryo, has enlarged and become a sac 
(Plate L,, fig. 5 A) entirely filled with amniotic fluid, Its rhythmical 
contractions already described become most active and powerful on 
the eighth day, and from that time forward to the end of incubation 
diminish in frequency and in force, 

Asa result of all these processes of growth, the embryo with its 
appendages now demands a much larger space than at the beginning 
of incubation. It acquires this in the following manner. The 
albumen which surrounds the yolk diminishes considerably, since it 
disappears, especially its fluid portion, partly by evaporation to the 
exterior, partly also by resorption on the part of the embryo. © The 
vitelline membrane has become ruptured by the enlargement. 

Tn the second period, which we have reckoned from the eleventh 
to the twenty-first day, or to the hatching of the Chick, zalccgroneres 

nuttamorphoses are most prominent. 
‘These assort themselves first of all on the yolk-sac. As the result 
of the vigorous sucking up of its contents it becomes more and more 
flaccid, so that its wall begins to lie in folds, It now becomes 
entirely separated from the serosa, since the extra-embryonic body- 
cavity has extended all around it, and thereupon it is drawn closer to 
| the wall of the belly by the shortening of the umbilical stalk, On 
| the nineteenth day of incubation it begins to slip into the peritoneal 

cavity through the dermal umbilicus, which has now become very 
| narrow, whereby it takes on an hour-glass shape during its passage 
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the ventral wall, It is here employed to help in the closure 
of the intestinal wall. 

‘The amnion undergoes regression, inasmuch as the fluid diminishes 
and almost entirely disappears, until the membrane is again closely 
applied to the body of the embryo. The albumen, too, is almost 
entirely consumed, The allantois alone continues to increase, and 
finally grows around so completely on the entire inner surface of the 
serosa that its edgos come together and fuse with one another into 
a sac entirely ¢nclosing the embryo and the amnion. It adheres so 
firmly to the serosa that a separation is no longer possible. 

‘Tho urine}likewise diminishes toward the end of incubation, and 
finally, like the amniotic fluid, has entirely disappeared. As the 
result of this, there are found in the allantois precipitates of uric 
‘alts, which become more and more abundant. 

Amnion and allantois finally undorgo complete retrogressive meta- 
morphoses. Inasmuch as the Chick, shortly bofore hatching, breaks 
through the surrounding membranes with its bill, it begins to take 
in directly the air contained in the air chamber, which has become 
larger. A result of this is that the circulation in the allantois 
is retarded and finally ceases altogether, The afferent umbilical 
vessels disappear, Amnion and allantois die away, dry up, and then 
separate from the dermal umbilicus, which closes on the last day 
before hatching, and whon the Chick leaves the egg-shell they are 
stripped off with it as nseless remains. 


a Sumsany. 


1. In Reptilos and Birds the embryo during its development sinks 
into the underlying yolk, which has become liquefied, and becomes 
enveloped by folds of the extra-cmbryonic area of the somatopleure, 
the anterior, posterior, and Jateral folds of the amnion (cephalic 
sheath, caudal sheath, laters! eheaths), 

2. As the result of tho folding processes two sacs nriso around 
the embryonic body, the amnion and the serous membrane (serosa). 

3. The amnion is united ut the dermal umbilicus with the belly 
of the embryo. 

4. The dermal umbilicus encloses an opening through which the 
embryonic and extraembryonic portions of the body-cavity are in 


‘The stalk of the yolk-sac passes through the dermal umbilicus 
in order to attach itself to the intestine at the intestinal umbilicus, 
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6, Tho allantois is evaginated from the ventral wall of the 
posterior tract of the hind gut (cloaca), grows as a pedunculated sac 
(1) into the body-cavity, and (2) through the dermal umbilicus into 
the extraembryonic part of the same, extends out from here on 
all sides between the amnion and serosa, and by virtue of its great 
vascularity functions as an organ of respiration. 

7. At the end of embryonic development the constantly diminixh- 
ing yolle-se, after the consumption of the yolk, slips through the 
open dermal umbilicus into the body-cavity, and is employed in the 
closure of the intestinal umbilicus. 

8, Amnion, seross, and that part of the allantois which has 
grown out beyond the embryonic body, are cast off as useless struc+ 
tures at the dermal umbilicus, which becomes closed. 


CHAPTER XIL 
THE PETAL MEMBRANES OF MAMMALS 


fy their early stages of development the fetal membranos of 
Mammals present an extraordinary correspondence with those of 
Reptiles and Birds (fig. 129). We find a yolk-snc (UV) with abun- 
dant ¢apillaries, an amnion (am), a serous membrane or serosa (4), 
and an allantois (AZ@); we find that, in-the same way as before, 
the embryo is developed out of « small region of the blastula, and is 
constricted off in the same way from the extra-embryonic area, with 
which it remains united only by means of a dermal and intestinal 
yolk-stalk, 

The correspondence becomes a striking one and stimulates to 
further reflection, when we take into consideration that the devélop- 
mental processes enumerated are primarily evoked by means of the 
accumulation of yolk-material in the eggs of Reptiles and Birds, and 
that the eggs of most Mammals lick almost entirely the yolk, are of 
very small size, undergo total segmentation, and in all these respects 
resemble more the eggs of Amphioxus, 

Why, then, doos the niammatian germ nevertheless undergo 
metamorphoses which in other cases are only the result of the 
accumulation of yolk? Why ix there developed a yolk-sac that 
contains no yolk, with a system of blood-vessels that is designed for 
the resorption of yolk t 
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For the explanation of these conditions we mast have recourse 
to an hypothesis which can be formulated about us follows :— 

The Mammalia must have descended from animale which possessed 
large eggs with alnendant yolk, which were oviparous, and tn which 
consequently the embryonic membranes were deceloped in the same way 
us in Reptiles and Birds, The loes of the yolk-contents from the eggs 
of theee animate must have been a supplementary event, which began 
at the time when the eggs were no longer deposited outside, but were 


‘Fig 129,—Didggram of the footal membranes of & Mammal, after Temsxn. 
6, Zona pellucida with villL (prechorion) ; 4, eerows membrane ; A, outer germlayer of the 
entry ; a, amnion ; AC, amniotic eavity ; Af, midd:e germ-layer of the embryo ; #2, inner 
genm-layer of the mme; UY, yolk-mo(rexica ambiSicn'is); £0, allantolo cavity ; at allastoie 


developed in the uterus. For by this change there was found a new 
and more productive, because unlimited, source of nourishment for the 
developing germ in substances which were secreted by the walls of the 
uterus from the maternal blood. There was therefore no more need of 
a dower of yolk. But the enveloping structures, which were originally 
called into existence by the presence of yolk-contents in the eggs, 
were retained, because they were still of use in many other relations, 
and because, through » change of function, they became subservient 
to uterine nowrishment and correspondingly underwent changes, 





THE POSTAL MEMBRANES OF MAMMALS, 223 


‘Three fects can be cited in favour of this hypothesis. 

In the first place, in the lowest classes of Mammals, as in the 
Monotremes and Marsupials, the eggs are larger than in placental 
animals. They are characterised by a large quantity of yolk, 
which, as in Ornithorhynchus for instance, is deposited in closely 
compacted spheres of varying size and fat-like lustre. In this par- 
ticular they form a transition to the eggs of Reptiles and Birds, 

Secondly, it has been observed that the Monotremes, the lowest 
division of the Mammalia, are oviparous, like Birds and Reptiles 
Quite recently two investigators, Haacke and Canpwett, have made 
the interesting discovery that Echidna and Ornithorhynchus, instead 
of giving birth to living young, as was hitherto assumed, lay eggs 
which are nearly two centimetres in diameter, and enyeloped in a 
parchment-like shell, and which they carry about with them in their 
brood-pouch or mammary pocket, 

Thirdly, the fetal membranes of Marsupials, which next to the 
Monotremes are to be considered as the lowest Mammals, remain 
permanently in a condition which corresponds to that of Reptiles 
and Birds, although the development takes place in the uterus. As 
wo know through Owes, the embryo, which is enclosed ina capacious 
amnion, possesses n very large vascular yolk-aac, which extends out to 
the serosa, and in addition a small allantois and « serosa. Tho latter 
lies closely applied to the walls of the uterus, but without being 
intimately united with it. Probably, therefore, after resorption of 
the yolk, substances which have been secreted by the uterus are 
taken up by the blood-capillaries of the yolk-sac. Thus a kind of 
intra-uterine nutrition begins to be established in the Marsupials; 
but otherwise the embryo with its envelopes lies in the cavity of the 
uterus, like the Avian or Reptilian embryo with its membranes in 
the firm ege-shell. 

Having established the hypothesis, already expressed by various 
authors, that the eggs of Mammals must originally have contained 
more yolk, let us turn to a more exact description of the fatal 
membranes. As regards the first stages of development, let us begin 
with the Rabbit, because its embryology has been the most thoroughly 
investigated; then, in order to facilitate our understanding of the 
atracture of the human placenta, we shall show in « brief sketel how, 
in the class of Mammalia, in various ways more intimate anatomical 
and physiological relations are developed between the mucous mem- 
brane of the uterus and the embryonic membranes. We shall treat 
of the fetal membranes of Man in a special chapter, 
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When, in the Rabbit, the ovum, which has reached the uteras, 
has here become metamorphosed into the blastula already deseribed, 
it is still enveloped by the zona pellucida. This in the meanwhile 
has been distended into a thin pellicle (prochorion), which is subse- 
quently destroyed, ' 

‘The blastula, or blastodermic vesicle, expands rapidly, and from 
the fifth to the seventh day grows from 1-5 mm, to Simm. in diameter. 


plied to the in- 

nev surface of 

the uterus that 

it becomes more 

and more diffi- 

cult,and finally 

impossible, to 

detach the eggs 

without injury. 

For by the rap- 

turing of the 

prochorion, 

which adheres 

to the walls of 

Tig 190.—Embryonic fundament of the ovum of « Rabbitof seven days, the uterus, the 
from Kirk. 

0, Veena are arn epee) ” ane fondament; gr, primitive Gelicate — blas= 

ty docmal farrow, tula, which is 

in clase contact 

with it, generally becomes injured and torn open, and thereupon 

collapses, owing. to the scontents, The latter have also 

tal he investigation more difticult, having 

atil they equal in density the albumen 
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sole-like form; meanwhile it grows to a length of about 3-5 mm. 
(fig. 131). 

As has been already described in the previous chapter, at this 

time the middle germ-layer spreads out in the embryonic fundament, 
the medullary groove (figs. 130 and 131 xf), the chord, and « 
number of primitive segments are formed, 
and, on the eighth day, tho first trace of 
tho veasols and blood appears in the vas- 
cular area (). On tho ninth and tenth 
days the embryonic faundamont is by a 
process of folding converted into the body 
of the embryo, and is constricted off from 
the remaining part of tho blastodermic 
vesicle, ont of which at the same time 
various fortal membranes begin to be de- 
veloped. The initial stages of all these 
processes are the same in Mammals as in 
Birds and Reptiles, so that wo can express 
ourselves very briefly in describing them. 
We shall connect the deseription with the 
diagrammatic drawings which Konuwken 
has made, and which have found a place 
in many text-books (fig. 132, 1-5), 

Diagram 1 shows a blastodermie vesicle 
which in the Rabbit would correspond to 
about the seventh or eighth day. It i8 yyy 131 gabeyonie fundament 
still enclosed from without by the very of « Rabbit of nine days with 
much attenuated vitelline membrane (7), 
which is now also called prochorion, since 
in many Mammals flakes and shreds of 
albumen have been precipitated on its shin! mmo ri 
outer surface out of the fluid secreted by —— juriotal none; ry, dorsal furrow ; 
the mucous membrane of the uterus. The —% smltive streak 
inner germ-layer (i}—which in « slightly 
younger blastula, such as is represented in figure 62 B, reaches only 
to the line ge, aud still leaves uncovered a third of the inner surface 
of the sphere—has now entirely grown around to the vegetative pole. 
‘The middle germ-layer (m) is in full process of development, and 
mbraces about « fourth part of the surface of the sphere. A sm/fll 
portion of this three-layered region contains the embryonic fundament, 
which would be in about that stage of development which we have 

1 





Fie titre Rogues igri asmting the dors of the fostal egg-membranes 
of a Mammal, after KouuKen, 


Aguoss 1 to # the embryo ie represented in aera: section, 
ie 


idles he boone applied to the serous membrane on all sides, aud has grown into ite 
Vill. ‘The serous membrane from this time forward takes the name of chorion, ‘The cavity 
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before us in the surface-view in figure 130, It is ovate, and shows 
the primitive streak (pr) in the posterior half, and in front of it a 
deep dorsal furrow (r7); the extra-embryonic part of tho middle 
germ-layer can be designated as the vascular area (0), since the first 
traces of the formation of the vessels and the blood are noticeable 
in it. 

In the much further developed embryo figured in diagram 2 (at 
about the ninth day in the Rabbit) the middle germ-layer has spread 
out over about the third part of the blastula, and now encloses an 
easily distinguishable body-cavity, since the parietal and visceral 
middle layers have separated from each other in the embryonic 
‘as well as extra-embryonic regions, It extends as far as the place 
marked st, where the sinus terminalis is found as the outer limit of 
the now clearly defined vascular area, 

The embryonic fundament is in the act of being constricted off from 
the blastodermic vesicle. The head- and tail-ends of the embryo, by 
foldings of the separate layers, have been elevated from the area 
pellucida in the same way as in the Chick, As there, a cephalic 
and pelvic part of the intestinal tract (fore and hind gut) have 
arisen, with an anterior and posterior intestinal portal, which open 
toward the cavity of the blastodermic vesicle, 
~ At the sme time occurs the development of the amnion, which 
was first recognised in the Mammalia by Bazr and Brscnorr, On the 
diagrammatic section one sees that the extra-embryonic body-cavity 
has become very capacious, in that the outer gorm-layer with the 
closely applied parietal middlo layer bas risen up in tho vicinity of 
the embryo and formed itself into the folds ke and ae, ‘The anterior 
fold of the amnion (ks) has bont over the head, and the posterior 
fold (##) over the tail. Tho two sheaths lie so close to the embryo 
in the Mammalia, that in looking from the surface they are not | 
easily recognised, expecially as thoy are oxtraordinarily transparent. 

‘On the third diagram the amniotic folds have greatly enlarged, and 
have grown toward each other over the back of the embryo till their 





of the allantois has diminished and the yolk-esc has become very small, but the amniotic 
‘cavity le in the act of increasing, 

M, Viteltine membrane (sons pellucida) ; a, villf of the sxnie; sh, serous membrane [serova) ; 
oh, chorion ; ec, villi of te ‘am, aunnion ; Ax, a, copbalie and caudal folds of the 
Aunien ; 6, outer germ-layer; a, the sume in the extraembryonic region of tho blsstula 
‘si, idle germn-layer ; w, the same in the extraembryonic region ; ad, inner germ-layer 2 
4 the mame in the extze-embryonic region ; d/, vascular aren ; af, ainus terminalis; be, cavity 
of the biastala, which later on becomes the cavity of the yolk-sae (ds); dg, stalk of the yolk~ 
sao (itolline duct) ; af, allantois; ¢, embryo; ¥, apace between chorion and amnion, exten 
senbryonio part of the tody-cavity, filed with albaminows finid ; ef, ventral body-wall ; 


AA, pericardial eavity, 





a ee 


edges are in mutual contact, The closure of the sac takes place in 
s somewhat different manner from that of the Chick. Instead of 
meeting in a longitudinal suture, the edges of the amniotic folds 
meet, in the Rabbit at least, approximately in the middle of the back 
in a small spot, where for a considerablo time a cirenlar opening in 
the sac is retained. The outer layer of the amniotic fold, which in 
diagram 3 is still in connection with the amniotic sac at the point of 
fasion, but which later entirely separates from it, represents, as in 
the Chick, the serosa. It first appears as un independent structure 
in the vicinity of the embryo, whereas farther downwands it is still 
firmly united with the entoblast, and together with it constitutes the 
wall of the original blastula, which is here only two-layered. 

In the third diagram, forthermore, we can recognise the first 
tmwe of the allantois (al), which grows out from the anterior 
wall of the hind gut in the manner already described (p. 217), and 
which in the Rabbit is seen as early as the ninth day in tho form of 
a sinall, pedunculated, exceedingly vascular sac, 

‘The fourth diagram shows the development of the frtal membranes 
much further advanced. ‘The prochorion has become ruptured by 
the distension of the entire blastodermic vesicle, and ix no longer 
recognisable as a separate membrane. What we see on the outside 
is the serosa, which has been changed in a striking manner. In the 
first place, it has become completely detached from the amnion 5 
however, it should be remarked in this connection that in certain 
Mammals, and especially in Man, a stalk uniting the two membranes 
is retained for a considerable time at the amniotic suture, Secondly, 
the serosa is everywhere separated from the yolk-sac, and loosely 
surrounds the embryo and its remaining membranes as a thin sac. 
‘This condition has been brought about in the following manner: the 
middle germ-layer, which in diagram 3 had grown over only one half 
of the original blastula, has now spread over the other half also, and 
has become divided into its two layers. By this means the extra- 
embryonic part of the blastula is now completely split, as in the Chick, 
into an outer sac, the serosa, and the yolk-sac, separated from it 
only by the body-cavity, 

Moreover, there exist in this respect differences among tho 
Mammalia, since in some the serosa remains to a greater or Jess 
extent permanently united with the yolk-sac. This is the case, for 
example, in the Rabbit. 

In the Rabbit, in which the yolk-eo at first fills the greater part of the 
Dlastodermic vosicle, the middlo germ-layer spreads out over that half of the 
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yolk-sae only which is turned toward the embryo. There {= developed in it 
® system of capillaries, which ends abruptly in a marginal vein. The other 
half of the yolk-sao is without vessels, and {s everywhere firmly united with the 
serosa. When, after the resorption of its contents, the yolk-sac commences to~ 
shrivel, it begins to take on # mushroom-like form (fig. 183 d#), owing to the 
folding in of the vascular half (fd) against the non-rascolar part (e@”), which 
Tt remains united with the umbilicus of the 


is fased with the serosa (#/). 
embryo by means of an elon- 

intestinal stalk (or 
vitelline duct), which is com- 
yarnble to the stalk of the 
‘mushroom. 

Tho space (r) which is 
produced in the blastodermic 
vesicle by the shrinking of 
tho yolk-sac does not become 
filled out by compensating 
growths of the amnion (@) 
and allantois (af), both of 
which remain small, There+ 
fore a large amount of fluid 
collects between the separate 
footal membranes. The space 
‘Gtled with fluid is none other 
‘than the extra-embryonic part 
of the body-cavity, which in 
the Rabbit, as in no other 
Maxomal, is highly developed. 
‘The allantois (a?) bangs freely 
fn this spsce as a stalked 
vesicle, a part of its surface 
baving applied itself to that 
portion of the serosa (ab) 
which is not united with the 
yolk-sae, and which is ciroum- 
scribed by the sinus termi- 
halls (at), It is gradually 


a a 





Gg toa penn longitudinal section through 


af @ Rabbit at an advanced stage of 


yeegnancy, after Bricnory, 

¢ Bmbryo ; @, amnion ; w, urachus; al, allantols with 
bloed-vesals ; st, subeonal membrane; pl, villi of the 
placenta ; fa, vascular layer of the yoll-ano ; ed, ento- 
Uilast of the yolk-ame ; ai", ec", inner and outer Lamellie 
‘of the entoblast which Mues the fiattaned cavity of the 
yolle-sao; dx, cavity of the yolkveso ; 4, sinus ternsl- 
halls; #, the space tetwern amnion, allantols, sad 
yolke-sec that js filled with Bald. 


metamorphosed into an organ of nutrition for the embryo, the placenta ¢ p1), 
inasmuch as it receives a rich supply of blood through the vessels of the 


allantols, the umbilical vessels. 


Subsequently the remaining surface of the blastodermic vesicle, over which 
‘the umbilical vessels do not extend, also becomes vascular, This is due to the 
fact that the albominous fluid still contained in the mushroom-like yolk-sac 
‘becomes entirely absorbed, and that consequently its outer non-vascular and 
inner, invaginated vascular walls come to lie on each other und to fase into 


a single membrane, 


In this manner the blastodermic vesicle in the Rabbit 


becomes provided with blood on its entire surface, but from two different 
sides—tho placental portion from the vessels of the allantois, and the larger 
part of the surface from the degenerating vitelline vessels. 

Tn regard to the formation of the amnion in the Rabbit, upon which VAN 
BeNeDEX wr JuLix bave made very thorough investigations, it is to be added 
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that the middle germ-layer is wanting in the region of the anterior amniotio fold 
amniotle 


~ layers, joined van Buxxoxx has therefore given to the 
cephalic sheath, as long as the inner germ-Jayer takes part in its formation, 
the name of proamnion, Later on, however, a separation of the amnion from 
the entoblast takes place also in the head-region in the Rabbit. 


Finally, in our fourth diagram, still a third change has appeared in 
the serosa, By rapid growth of the epithelium large numbers of 
small evaginations or villi have arisen on its outer surface. On this 
account the name of chorion or villous layer bas been applied to it 
when these changes have been completed, It should also be added 
here that in the development of the villi uniformity among all Mammals 
by no means prevails, In the lowest orders (Monotremes, Marsupials) 
the surface of the blastodermic vesicle remains almost smooth, as in 
Reptiles and Birds. In them, thereforo, the serosa is permanently 
retained during embryonic life, whereas in other Mammalia it is 
transformed into a villous membrane. By reason of these differences 
Koutrkex has divided Mammals into Mammalia achoria and 
Mammalia choriata. 

‘On the other embryonic membranes of fig. 132, 4, it is principally 
changes in size only that have been effected. The yolk-sae (ds), over 
the entire surface of which the vitelline vessels now spread, has 
become considerably smaller, and is continuous with the embryonic 
intestine by means of a long slender stalk, the vitelline duet (7). 
The amniotic sac (am) has already enlarged and is filled with fluid, 
the liquor amnii Its walls are continuous at the umbilicus with 
the ventral wall of the The allantois (aZ) has become a 
vaseular pear-shaped ‘ich has grown out between the dermal 
stalk and umbilicus ‘tra-embryonic part of the body-cavity, 
and toon after reaches the a 


seen in its entire length, 
(a); near its middle itis 
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which was cut open in the process of preparation. The allantois (@l) 
is attached to the very end of the intestinal canal by means of the 
attenuated stalk-like urachus, 

Up to this stage the correspondence in the development of the embry- 
onic membranes in Mammals, Birds, and Reptiles is clear. But from 
now on the course of development in the Mammalia becomes more 
and more divergent, since one portion of the embryonic membranes 
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“, Friar da yoann ob allan ‘urinary ano; ws, primitive kidney; t, the two lobes of 
‘the liver, with the Iumen of the omphalomamenterie vein betweon thes j ef, Ae, anterior amt 
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enters into clower relations with the mucous membrane of the wlerws, 
anc ie thua converted into an organ of mutrition for the embryo. Tn 
this manner a compensation is provided for the loss of the yolk. 

‘The interesting adaptations for intra-uterine nutrition—they have 
been studied especially by the English anatomist Tunser in a 
series of profound comparative-embryological works—present very 
great differences in the separate orders of Mammalia: sometimes 
they ure of « simple kind, at other times they are more com- 


ar 


plicated organs, which have been designated as the after-birth, or 

Since a knowledge of them will facilitate our compre- 
hension of the human placenta, we shall consider them somewhat at 
length. 

It is most expedient to distinguish three different modifications in the 
way in which the suxface of the blastodermic vesicle comes into relation 
with the mucous membrane of the uterus, and accordingly lo divide the 
Mammata into three groups. 

In one the serosa is retained nearly in its simple primitive condition, 

Tn the second it is trangformed into a villous layer or chorion, and 

In the third a placenta arise out of one or more portions of the chorion, 

‘To the first group belong, among the Mammalia, only the Mono- 
tremes and the Marsupials, whose embryonic membranes are in the 
main constituted like those of Binds and Reptiles, Ordinarily in the 
Marsupials the serosa retains its smooth surface. Inasmuch as it 
lies in close contact with the vascular mucous membrane of the uterus, 
it can absorb nourishment from the latter and transmit it to the 
dooper-tying embryonic parts, 

In the second group of Mammals an improvement in the intra- 
uterine nourishment is effected by important changes in the organisa- 
tion of the serosa, which is converted into a villous layer or chorion, 

Tn the first place, it is provided with blood-vessels by the allantois, 
which grows out into contact with it, and whose connective-tissue 
layer, containing the ramifications of the umbilical vessels, grows 
over its ontire inner surface, 

Secondly, the epithelial membrane begins to grow out into folds 
ond villi, into which there soon penetrate vascular outgrowths of the 
connective-tissue layer. By this process a larger resorbing surface 
is provided. 

Thirdly, the mucous membrane of the uterus and the chorion 
unite more intimately and firmly with each other, while the former 
also increases its surface and acquires pits and depressions into which 
the processes of the latter penetrate, 

All these changes have simply the purposo of facilitating and 
rendering more perfect the interchange of materials between the 
tissues of the mother and those of the offspring. 

We meet with membranes thus constituted in the Suidm, the 
Porissodactyla, Hippopotamids, Tylopoda, Tragulide, Sirenia, and 
Cetacea. In the Pig, which shall serve as an example, the blasto- 
dermic vesicle, in adaptation to the form of the uterus, is transformed 
into a spindle-shaped sac, The inner embryonic appendages, the 
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yolk sac and allantois, are also drawn out in the same manner into 
two long tapering ends. 

On the ontire surface of the chorion, with the exception of the 
two onds of the snc, there have arisen rows of very vascular pads, 
which radiate from separnte smooth round spota of the membrane, 
and are covered at their edges with small simple papille. The 
mucous membrane of the uterus is exactly fitted into the elevations 
and depressions of the chorion. There are also found on it circular 
smooth places similar to those of the chorion, which are further 
noteworthy from the fact that it is only on them that the tubular 
uterine glands open out. At birth the interlocking surfaces of 
contact separate from each other without any loss of substance on 
the part of the mucous mombrane of the uterus; for the pads and 
small papillos are easily withdrawn from the depressions which serve 
for their reception, 

Tn tho thind group special organ, the placenta, or after-birth, 
has been developed for the purpose of intra-uterine nutrition. Ite 
origin was brought about by separate portions of the chorion having 
assumed different characters, owing to the unequal size and distri- 
bution of the villi. 

One part exhibits a condition in which the villi are entirely gone 
or much stunted, so that the surface of the membrane feels smooth ; 
moreover, it possesses few blood-vessels or is entirely destitute of them. 

Another part of the chorion contains, closely packed together, villi 
which are extremely long and covered with many ramifying lateral 
branches ; furthermore, it receives large blood-vessels, which appronch 
the tufts of villi and distribute their terminal capillaries to the finest 
lateral ramifications of the latter; finally, it has entered into the 
most intimate relations with the mucous membrane of the uterus, 
Wherever the latter comes in contact with the tufts of villi it 
is much thickened, very vascular, and in a state of active growth, 
It encloses numerous branched cavities of varying size, into which 
the villi of the chorion exactly fit. 

‘The entire structure is called a placenta, in which the part of the 
chorion which ia covered with villi ix distingwished as the placenta 
fetalis, and the part of the mucous membrane of the uterus which is 
united with and adapted to the latter as the placenta uterina. Both 
parts together constitute an organ for the nutrition of the embryo, 

‘Tho term placenta has often been extended to the kind of chorion 
which is evenly covered with small villi, such as exists in tho 
Snide, etc., and the designation of diffuse placenta has been created 
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for it, But in the interest of a more precise definition it is advisable 


Fig. 1350,—Uterus of & Cow laid open, tn the middle ef the period of 
Frow Baxvoun, after Cou. 
Ronen Sereno Bee ih cayenne Sawa) aoe 
mic vesicle is drawn out into two tips, as in the 
special type 
(fig. 135a). On 
their chorion 
(Ch) have been 
developed very 
many small 
fatal placentse 
(0%),which here 
are also called 
cotyledons. The 
number of the 
latter is ex- 
ceodingly vari- 


able in the 


to one hi er 
in the Sheep 


to use the namo 
only in the re- 
Stricted sense 
in which it has 
been | eaaployed 


Pig, present a 


and Cow, and only from five to sixin the Doe. They are united with 








THE FETAL MEMDNANES OF MAMMALS, 238 


corresponding thickenings of the uterine mucous membrane, the 
placente: uterine: (€*), though only in # loose manner, so that a little 
pulling is sufficient to produce a separation, and to draw the chorionic 
villi out of the depressions which serve for their reception, as one 
draws the hand out of a glove. Tn fact, in the preparation which 
serves as the basis of our figure 135 the cotyledons of offspring and 
mother (C? and €") are separated from each other, since the uterus 
(U) bas been opened by means of an incision and drawn back from 
the chorion (CA) for a little distance. 

Figure 135b shows a single cotyledon of figure 1350 somewhat 
larger than the natural size, The wall of the uterus (u) is drawn 
back a little from the chorion (CA). Asa result of this, the maternal 
{C*) and fetal parts (C%) of the cotyledon are partially separated 
from each other. On the placenta uterina (C*) one perceives many 
small pits, on the placenta fetalis (C%) the closely packed dendritically 
branching chorionic villi, which have been withdrawn from the 
pits. 

As the diagrammatic section figure 136 teaches, the foetal and 
maternal tissues abut immediately on each other. The villi are 
covered with flattened cells, and the depressions of the mucous 
membrane are lined with cylindrical cells ; the latter develop within 
them granules of fat and albumen; they disintegrate in part, and 
thereby contribute to the formation of a milky fluid, the so-called 
uterine milk, which can be pressed out of the placenta nterina and 
serves for the nutrition of the fetus. It is to be noticed also that 
in the Ruminants the uterine glands have openings on the mucous 
membrane only between the cotyledons. 

In all other Mammals that are provided with a placenta the 
intergrowth of the fetal and maternal tissue is still more intimate. 
At the same time there is formed in this way such o close union, 
that @ separation of the chorion without injury to the mucous membrane 
of the uterua ia now no longer possible. At birth thergfore a more or 
leas considerable superficial layer of the mucous membrane of the uterus 
ts cast off with the fetal placenta. The part that is cast off is called 
the caducour membrane, or the decidua, 

Tn accordance with Huxiey’s proposal, all Mammals in which, in 
consequence of the special growth of the placenta, such a membrane 
is formed are now grouped together as Mammalia deciduata, or 
briefly Deciduata, in contradistinction to the remaining Mammals— 
the Indeciduata, the formation of whose placente has just been 


a 


Tn the Mammalia with n decidaa we must distinguish too eub- 
types of placenta, a ring-like and a dise-like, a placenta sonaria and 
a placenta discoidea. 

The placenta zoncaria is characteristic of the Carnivora. The 
blastodermic vesicle in this case generally has the shape of a cask. 
With the exception of both poles, which retain a smooth surface, the 
chorion is covered with numerous villi arranged in a girdle-shaped 
zone ; the villi are furnished with lateral branches, like a tree, 

‘The branched villi of the chorion sink into the thickened mucous 
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membrane of the uterus in various directions, so that in sections 
there arises the appearance of an irregular interlacing (fig. 137). 
However, according to the concurrent accounts of Turner and 
Exconant, there is no penctra\ into the uterine glands in this case, 


aternal mucous membrane (Af) persists 

y the villi (V7) and the maternal blood- 

vewoele (2), which latter have enlarged to cavities from three to four 
mites aa wide as the fetal capiliarice (d), This enlargement of the 
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matornal blood-passages is full of significance for the formation of 
tho placenta in the Deciduata as opposed to that of the Indeciduata. 

The second form, the discoid placenta, is characteristic of the 
Rodentia, the Insectivora, the Chiroptera and Prosimim, the Apes and 
Man. Here the portion of the chorion devoted to the formation of 
the placenta is small; but in compensation for this the tufts of villi 
the union between placenta 


(fig. 138 F) are very highly developed ; 


uterina (Jf)and placenta 
fatalis (F’) is most in- 
timate; the maternal 
blood-spaces (d'), in. the 
cus of the Apes and 
Man at least, are, as no- 
where else, enormously 
distended, so that tho 
villi of the chorion (P) 
appear to sink directly 
into them and to be 
bathed immediately by 
the maternal blood. 

Since we shall occupy 
ourselves more at length 
in the next chapter 
with the human pla- 
centa, which belongs to 
this type, thes few 
remarks may suffice for 
the time being. 

I close this section 
with a reference to tho 
high systematic signifi- 
cance of the embryonic 
accessory organs of Ver- 
tobrates, They present, 
us we have seen, such 
great and striking dif- 
ferences in the soparnte 
classes, that the utilisa- 


Pig, 138, —Diagrammatic 
ture of the human placenta accerding to the hypothesis 
of Tenxnn, 
P, Postal, Mf, maternal placenta; ¢, epithelium of the 
maternal + hy fuctal, &, mstersal blowls 
(decidua serotipa of the human 
f, trabeoulm of the merotinn ranning to 
+ 2, convolitent arteey which sinks inter 
the bicad-apace uj wp, one of the utero-placental veins 
‘eomreying blood frum the, latter; x, » contisnat 
over the villua of materval tisue—tying outside (he 
eyithellal layer «—vehich representa either the endo- 
thelium of Ue msierual blood-vewols or a delicate 
connective Lens pertaining Ur the serotina, oe both 
together. The layer € consists, at atl events, of ms 
ternal cells derived from the serutina. The fetal 
<qlthellal layer is no longer te be seen on the villi of 
the completely formed homan placenta 


tion of them for systematic purposes which has been made by 
Minye-Epwarns, Owrx, and Hoxter was nataral. 
All lower Vertebrates, Amphioxus, Cyclostomes, Fishes, Dipnoi 
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and Amphibia, either possess no accessory organs at all, or only 
an evagination of the intestinal tube, the yolk-sac. The embryos 
of Reptiles, Birds, and Mammals, on the contrary, are further 
enclosed in two fugitive mombranes characteristic of embryonic 
life, the amnion and serosa, They have therefore been grouped 
together as amniotic animals or Amniota, and the clases first 
mentioned have been contrasted with them as non-amniotic animals 
or dnamnia, 

Among the amniotic animals a further separation into two groups 
can be made: on the one side are the egg-laying Reptiles and Birds, 
which Hvuxtry unites into the Sauropsida; on the other side 
Mammals, in which (with the exception of the Monotremes) the 
eggs develop in the uterus, and the young are further nourished 
after birth by the secretions of milk-glands. — 

In the Mammalia the fetal membranes, inasmuch as they unite 
with the mucous membrane of the uterus to form an organ of nutrition, 
take on a still more complicated character, and present modifications 
which in turn can readily be utilised for systematic purposes. 

In Monotremes and Marsupials the outer embryonic membrane 
retains an almost smooth surface, as in Reptiles and Birds; in all 
other Mammals there arise on the surface of the chorion villi, which 
grow into the maternal mucous membrane. Owen has designated 
the one as Implacentalia, the other as Placentalia. The terms 
Achoria and Choriata introduced for these by Koturxer are better, 

In the Choriata the union of the villi witn the mucous membrane 
is either loose or firm; corresponding to this there is either no 
detachable layer of the mucous membrane of the uterus formed, 
no decidua, or such a structure arises as the result of close inter- 
growth of the placenta uterina and placenta fetalis, Thus we have 
the Mammalia indeciduata and the Mammalia deciduata. In each 
division there are again two sub-types in the formation of villi, In 
the Indeciduata the villi are either evenly distributed over the 
joy sees dpe caeniee peace 


|, in the same way as in 
serosa, and an allantois, 
Marsupials, the serosa is 
puts forth villi, and in that 
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the connective-tissue layer of the allantois, which is provided with 
the umbilical blood-vessels, spreads out on its inner surface and 
penetrates into the villi. 

3. In » part of the Mammalia certain regions of the serous 
nwmbrane, where the villi grow more vigorously and put forth 
lateral branches, and sink into corresponding depressions of the 
mucous membrane of the uterus, are converted into a placenta (when 
many of them bave arisen on one chorion they are called cotyledons), 

4. On the placenta one distinguishes :— 

(a) A placonta fotalis, #.c., that part of the chorion which bas 
developed the tufts of villi, 

(6) A placenta utorina, i.¢,, that part of the mucous membrane 
of the uterus which has proliferated and is provided with 
depressions for the reception of the placenta festalis. 

5. Footal and maternal parts of the placenta can become more 
firmly united with each other; the result is that at birth a larger 
or smaller tract of the mucous membrane of the uterus is also cast 
off, and is known as the caducous membrane, or the decidua. 

6, According to the character of the embryonic wembranes, the 
following divisions of Vertebrates may be established :— 

I, Anamnia, animals without an amnion. 
(Amphioxus, Cyclostomes, Fishes, Amphibia.) 
TZ, Amniota, animals with an amnion (with yolk-sac, amnion, 
serosa, and allantois). 
A. Sawropsida. Egg-laying, amniotic animals, 
(Reptiles and Birds.) 
B, Mammatia, Tn all of them, except the Monotremes, the 
eggs are developed in the uterus. 
{@) Achoria. The serosa develops no villi, or only a few. 
(Monotremes, Marsupials.) 
(8) Choriata. The serosa becomes the villous membrane 
(chorion). 
(1) With evenly distributed villi. 

5 Perissodactyla, Suide, Hippopotamide, Ty , 
Mammatia] — 6 Mivegulite Cotases, vin.) Ee 
detiinate (2) Placentalis. ‘The serosa is at intervals metamor 

: phosed into a placenta, 
| a, Numerous cotyledons. (Ruminantia.) 

M. ti 
deciduata, 


y Placenta discoidea. ({Man,] Apes, Rodents, In- 


{ B. Placenta zonaria. (Carnivora.) 
sectivores, Bats.) 
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CHAPTER XIII. 
THE F@TAL MEMBRANES OF MAN, 


‘Tae investigation of the first stages in the development of man, 
which are accomplished during the first four weeks of pregnancy, is 
coupled with extraordinary difficulties. Only very exceptionally does 
the embryologist come into possession of young human ova, whether 
found in the uterus at the time of dissection, or coming into the 
hands of a physician as the result of miscarriage. In the latter case 
the ova have often been dead for « long time in the uterus, and 
consequently are-in process of decomposition. Finally, a good 
preservation and an accurate investigation of such small and 
delicate objects demand no slight degree of skill. 

‘This accounts for the fact that we do not possess in the case of 
Man a single observation upon the process of fertilisation or that of 
cleavage, upon the formation of the germ-layers, or upon the first 
establishment of the form of the body, the fatal membranes, and a 
large number of other organs, Concerning this whole period we 
are dependent upon the conclusions which are furnished by the 
development of other Mammals. Thus we assume that fertilisation 
normally takes place in the enlarged beginning of the oviduct 
(Fallopian tube) ; that the seminal elements, which remain alive in 
the female sexual organs perhaps for days or weeks, here await the 
ovum as it emerges from the ovary; that the ovum already segmented 
enters into the cavity of the uterus, attaches jtself in the mucous 
membrane, and during the first weeks of pregnancy gives rise to the 
germ-layers, the outer form of the body, and the fatal membranes, 

to the well-known rules for other Mammals. 

A little, although very scanty, information has been acquired, 
but this concerns only the second and subsequent week. A small 
number of ova have been described in the literature, which for the 
most part come from miscarriages, and the age of whieh has been 
estimated at from twelve to fifteen days. The blastodermic vesicles 
measured 5 to 6 mm. in diameter. Here belong two ova described 
hy Antex Tuomson, and those by Scundoer v. pv. Korx, Henxto, 
Rescnert, Brevss, Besrort uxp Lowe, as well as tho cases published 
by Antrzup, Kourmaxy, Fou, and Gray Seen. 

Upon critical comparison of the discoveries, there are two facts 
which we can regard as established. 

First. At the end of the second week the blastodermic vesicle 

16 
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(blastula) no longer lies free in the cavity of the uterus, but is 
enclosed in a special capsule produced by the growth of the mucous 
membrane, Hitherto no one has had the opportunity to make 
observations concerning the formation of this capsule: Following 
an hypothesis of Sunrex, which has been somewhat modified by 


Fig. 129,—Dlagrammatio section through the gravid human uterus, from Wieneeniverst. 
U, Uterus; U7, cavity of the same ; Tb, Fallopian tabe ; De, Ceoldue vera ; Dr, decidua relexa 5 
Pu, placenta utorina decidua mrotina) ; FY, placenta Cortalls or corks frotdoau ( 

Chi, chorion tmeve; A (on black background) cavity of the amnion filed with 
fiwid ; D, yoTk- (qmbitioal) vexivle: in the erabrye one sees the unubitieal vowels (AF 
liver traversed by (he vera unit Wveart ; 4, che aorta; of and ¢4, the veee 


cava (nferiur and superior ; p, vet 


Rercuerr, it is now generally assumed that the ovum upon its 
entrance into the uterus imbeds itself in a depression of the mucous 
membrane, which is thrown into ridges aud is in process of being 
metamorphosed into the decidua, The margins of the depression 
soon grow around the blastula on all sides, and fase together to form 
« closed fatal capsule. The fusion takes place at « point diametrically 





THE FETAL MEMBRANES OF MAN. US 


opposite the attachment, and is described as resembling a cicatrix, 
Tt is destitute of blood-vessels, whereas thes, as well as uteirne 
glands, are present in the remaining portion of the overgrowing 
mucous membrane, The blastula lies in this receptacle now, and 
even into the beginning of the second month, loosely enclosed ; after 
opening the capsule the blastula can be removed easily and without 
injury. 

Whereas in other Mammals only that part of the uterine mucous 
membrane which contributes to the formation of the placenta is cast 
off, in the case of Man there occurs a much more extensive eodysis 
of the most superficial layer, namely, over the whole inner surface of 
the uterine cavity. Here, too, the part which is cast off is designated 
as deciduowa membrane or decidua, and three regions are distinguish- 
able (fig. 139)—the part which is thrown around the blastuln as 
decidwa reflexa (Dr), the part which forms the floor of the depression 
in which the ovum has established itself as decidua serotina (Pu), and 
the remaining portion as decidua vera (De). 

In the reflexa we become acquainted with a structure which in 
this complete form occurs only in the ease of Man and the Apes, 
whereas beginnings of such a structure are also found in other 
groups, as, 4g,, in the Carnivores. Since the foetal capsule does not 
at first completely fill the uterus, there remains between reflexa and 
vera a space filled with mucus. 

‘A second and in many respects astonishing result is, that even 
in very young and small blastodermic vesicles, as all discoveries 
agree in showing, a well-developed chorion with ubundant villi is 
begun. 

The villi are either distributed over the whole surface of the ovum, 
or, as in Reicuner’s case (fig. 140 A and B), they leave two opposite 
poles of the blastula free. They attain a length of one millimetre, 
and in part have the form of simple cylindrical elevations; in part 
they already possess lateral branches. At no placo have they fused 
with the decidua. Like the chorion itself, they consist of two layers 
—of n superficial epithelial layer, derived from the serosa, concern: 
ing which Antrety and Kottmaxy have made ver 
rolinblo statements, and of a layer of ombryonic gelatinous tissue, 
which extends into the axis of the villi and already appears to bear 
here and there blood-vessels. 

Unfortunately we have learned nothing from investigations of 
these yourgest of al] human embryos concerning the structures 
within the chorion —the remaining fatal membranes and the 
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fundament of the embryo itself. Kithor the ova wore already more 
or Jess pathologically altered, or the contents were considerably 
damaged in consequence of the method of preservation and by the 
preparation. At all events with other investigators one, I think, 
may conclude from the condition of the chorion that the embryo: 
must have been in an advanced stage, in which germ-layers, yolk- 
sac, and amnion were already formed. 

‘This assumption is all the more reasonable, since well-developed 
embryos from blastodermic vesicles which were only a few milli- 
metres larger have been described by Coste, Atues Tuomsox, His, 
and others. In these cases the head-end of the embryo only is 
rather sharply differentiated from the yolk-sac, which is continuous 
with the fundament of the intestine throughout nearly its entire 


Fig. 140.—The human ovum at an early stage of development. 
A and B, Front and side views of a human ipsrndyale beter im & The 
ers Ceulgrnted by Retcontaer as em 
G, An ovum of 4 to 5 weeks, showing the Padsasier ot che lik moaibeaas baba 
formatica of the placenta, A part of LL of the ownr ie recioved In onder ty show the 
embryo In alto. After Avi Tuosties, from RULiaKey's " Entwicklungagesch(chte dex 
Menscheo, ete.” ae 
length. The neural canal is not yet closed, but the amnion never- 
theless is completely develo and in fact lies almost in contact 
with the embryonal body ; posterior end it is connected with 
the chorion by means of a short cord, which is connected with the 
fundament of the allantois and has been named the belly-etalk 
(Bauchstiel) by Has. 
Also in the only slightly older embryo of Coste. (fig. 141)—in which 
1 netly segmented (we), the 
whind the latter the 


arises sen the ventral surface of the embryo out of the inteatinal 
cavity of the pel ; egion, encloses at i its attached end a small cavity 
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(the allantois), and conducts the allantoic blood-vessels from the 
pelvic portion of the intestine to the chorion. 

This cord is « characteristic structure for the human embryo, the 
significance of which is still in dispute. Kiutxer and His have 
given somewhat different explanations of it, Kuntixen brings the 
cord into relation with the development of the allantois. He» makes 
the fundament of this important embryonic appendage arise, as in 
other Mammals, from the hind gut of the embryo, and approach the 
seroea as a thick vascular connective-tissue growth lined with a narrow, 
short epithelial 
tube, without 
previously de- 
veloping inside 
iteelf a large 
epithelial sac. 

He also main- 
tains that tho 
connective 
tissue part of 
the short allan- 
toie cord, or 
belly-stalk, 
grows around 


on the whole 
inner si Fig. 141—Heman embryo with yélk-anc, amnion, and belly-atalk of 
Led to 18 days, after Cowre, from His (*'Mensebliche Emibryonen"}. 
the serosa, nnd — the has untwinted munewhat the posterior end of the body Im com> 
ant tbe” pol wwicleon with the original figure, in crter to bring into view the 
Pei ‘ight side of the ead of the tody, the left side being represented 
thelial villi. im Comre’s fig. 4, ‘The chorion is detached at am’, mie, Amuion ; 
um, the potnt of abiachipent of the anion to the chorion dewwn 
His regards cot to ® tpt Set, bellystalk; Seb, tallend yea, pein - 
as unwar- tant; ay, ritetline bloodovemele; ute, yolkanes A, hearts 9, 


ated) vlishs visceral arch 
assumption, in opposition to the actual state of affairs, that the 
human embryo at first separates itself from the part of the blasto- 
dermic vesicle which ix employed for the chorion, and subsequently 
unites with it again by means of the fundament of the allantois” 
He does not admit that the fundament of the embryo in Man is 
ever wholly constricted off from the chorion, as in the remaining 
Mammals, and he recognises in the belly-stalk “the bridge of 
connection between the fundament of the embryo and the 
chorionic part of the original blastodermic vesicle, which bas 
never been severed." According to him the allantois in the 
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human embryo has nothing to do with the development ‘of the 
belly-stalk. 

‘Neither of these two explanations seems to me entirely satisfactory, 
Acconling to my view, the structure under consideration may be 
explained in a manner which is not only in complete harmony with 
‘the facts of the case, but also reconciles the views of Kintiker.and 
His. 

As Costr’s embryo appears to show, the origin of the helly-stalk ie 
connected in the first place with a somewhat irregular formation of the 
amnion. 1t follows from the fact that the latter is drawn out 
posteriorly to a point (fig. 141 am'), the apex of which reaches to the 
chorion, that its closure in the human embryo takes place at the 
extreme posterior end of the body, and that at the same time a union 
with the chorion is retained at tho place of closure, The fandament 
of the embryo therefore remains in connection with the chorion, not 
directly, as His maintains, but only indirectly by means of the 
ammon. 

In tho second place, the allantois, the somewhat eccentric develop- 
ment of which in the case of Man is perhaps intimately connected 
with the above-mentioned peculiarity in the formation of the amnion, 
takes part in the formation of the belly-stalk. It is therefore proper 
in this connection to enter somewhat more fully into the allantois- 
question in Man, so actively discussed during the last decade. 

Since in other Mammals the allantois (fig. 142 al) has the form of 
a large stalked sac, which grows out from the navel till it comes in 
contact with the serova (ex), and carries to it, along with connective 
tissue, the umbilical vessels, attempts have been made ever and anon 
to discover such a structure in the case of human embryos also, ‘The 
proof of its existence in| Man appeared to be furnished bya premature 
embryo, on which Knavsg described a spherical, sac-like allantois, 

The embryo of Krause aves however, in many respects 

human embryos of the corre- 
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(1) The pennant-like prolongation of the amnion ; 

(2) Beneath this, abundantly developsd embryonic connective 
tissue 5 

(3) The fondament of the allantois, which has the form of a very 
harrow passage with epithelial lining ; 

(4) The umbilical blood-vessols, of which the arteries lie close 
upon the allantoic duct, while the veins run nearer to the amnion, 

‘To the question, How have theso parts arisen! that appears to me 


cavity ; #, onter germ-layer ; 
(vesicn nmbiticalia) ; of, alluntole; ALC, 





the most natural answer which permits of being harmonised with 
the known conditions in other Mammals. Now, such an agreement 
is possible upon the following assumption. 

Very early, when the hind gut begins to be formed, there arises 
‘on its ventral side as a fundament of the allantois a knob composed 
of many cells, and containing only « small evagination of the ento- 
dermic layer. The allantoic knob doos hot, however, grow free into 
the hody-cavity, as in the remaining Mammals (fig. 142 al), but ex- 
tends along the ventral wall of the embryo, and, from the place where 
this is reflected off to form the emnion, along the ventral wall of the 
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latter (fig. 141 am!) up to its place of attachment to tho chorion, 
The evagination of the entodermic layer meantime becomes olongated 
into the narrow allantoic duct; the more voluminous connective- 
tissue growth carries with it the umbilical blood-vessels to the 
chorion, then spreads itself out on the inner surface of the latter 
in the well-known manner, and penetrates into the villi of the 


serosa, 

The allantois, therefore, in its development, instead of growing 
out free to the serosa, makes use of the already existing connection 
between the latter and the embryo established by the pennant-like 
elongation of the amnion (am'), But this mode of development 
perhaps results from the fact that the posterior end of the embryo 
in Man, as fig. 141 shows, is clossly attached to tho serosa at the 
place of the amniotic suture, whereby tho allantois has only a short 
distance to grow in order to reach the serosa. _ 

Finally, the early appearance of the allantois will become intel- 
ligible to us, if we remind ourselves that organs of great physiological 
importance have in general the tendency to an accelerated develop- 
ment, and that in the series of Mammals the provisions for the 
nutrition of the embryo by means of a placonta have become more 
and more complete, + 

While there is still much obscurity about the tirst stages of Man's 
development, we possess more satisfactory insight into the changes 
which the embryonie membranes in Man undergo from the third 
week onward, 2 

From this point forward we shall examine each separate embryonic 
membrane by itself: first the structures that are developed from 
the blastodermic vesicle—(1) the chorion, (2) the amnion, (3) the 
yolk-sne; then (4) the deciduw which are produced by the mucous 
membrane of the uterus; and finally (5) the after-birth (placenta) 
and (6) the umbilical cord, 


t the wall of the uterus that is 
idua serotina and the remaining greater 
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part, which has become overgrown by the decidua reflexa (fig, 143). 
While on the latter the villi (x’) cease to grow, on the former they 
inercase enormously in size and take the form of long, and at the 
base thick, tree-like, branching structures (3), which, united into 
tufts, project 
for beyond the 
surface of the 
membrane that 
bears them, 
and grow into 
pits of the ma- 
ternal mucous 
membrane (ds). 
This part, to 
which we shall 
give more par- 
ticular atten- 
tion at the 
time of invos- 
tigating the 
maturo pla- Tig 148—Diegrammatic section through the gravid human uterus with 
conta, is there 44, Sai of ihe silat’ nh uublal retaloj om, aon  #h 
fore distin- chorion; of, decidua werotina; a, decidua vera; dr, decidna 


ished redexa;f Palloplan tube; ¢, cervix wtert; m, terus; 4 villi of 
guished as the fortal piacenta ; «', villi ef the chorion ere. 


chorion fron- 
dosvm from the remaining larger part, the chorion lewe or the 
smooth chorion, 

‘The expression “smooth chorion” is, strictly speaking, not quite 
applicable. Of the villi which are at first everywhere developed, 
some afterwards remain preserved on the chorion leve, especially in 
the vicinity of the placenta. They grow into the decidua reflexa, 
effecting a firm union with it (fig. 143 2). 

At the caine time a second distinction between chorion frondosum 
and chorion lwve is developing. In the territory of the latter the 
blood-vesiels arising from the umbilical arteries begin to dwindle, 
whereas the former becomes more und more abundantly supplied 
with blood-vessols, and finally alone receives the terminal distribution 
‘of the umbilical arteries. Thus the one region becomes destitute of 
‘vessels, while tho other becomes extraordinarily vaseular, and the 
nutritive organ for the embryo. 

Histologically the chorion eve, which mpon examination from the 
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surface appears thin and translucent, consists of (1) a conneetive-tisue 
membrane, and (2) an epithelial covering, which is identical with the 
original serosa, 

‘The connectine-tiseue membrane possesses at first the character of 
embryonic mucous tixsue, and exhibits therefore branched stellate cells 
in a homogeneous matrix. Subsequently the mucous tissue is con- 
verted, as at other places in the body, into fibrous connective tissue, 

‘The epitheliam of thechorion consists in the first months, according 
to the statements of Kastscuexxo and Sxpewick Mixon, of two 
Jayers—a superficial one, in which no cell-boundaries are visible 
(protoplasmic layer), and a deeper one, in which the individual cells 
are distinctly separated. Additional particulars are given in the 
description of the placenta. 

‘The embryonic adjuncts enclosed within the chorion—the amnion 
and yolk-sac—undergo in Man during pregnancy the following 
changes. 

2. The Amnion. 


The amnion (am) immediately after its origin lies close on the 
surface of the embryo (lig. 144), but soon becomes distended by the 
accumulation of fluid, the liquor amnii, in its cavity (fig. 132%). It 
increases to a much greater extent than in other Mammals, in which 
it is often found to be smaller than the allantoic sac (compare the 


fovtal membranes of the Rabbit, fig. 133). Finally, in Man it fille 
cout the entire blastodermic vesicle, since it everywhere applien itself 
(fig. 143 am) closely to the inner wall of the chorion (ch). 
Tts wall is rather thin and translucent, and also consists, like the 
chorion, of an epithelial and a connective-tissue layor. 
‘The a derived from the outer germ-layer of the embey- 
ity within, and is continuous 


here it is a single sheet 
is thin and at the 
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the secretion of amniotic water can become much greater, and can, 
by @ considerable distension of the amnion, lead to conditions which 
have been called dropay of the amnion, or hydramnion, 


3. The Yolk-Sac. 


‘The yolk-sac or the umbilical vesicle (vesicula umbilicalis) in Man 
pursues the opposite course of development from that of the ever- 
increasing 
amnion, and 
shrivels to a 
structure that 
easily escapes 
observation, 

In human 
fortuses of the 
second and 
third week (tig. 
144) the yolk- 
rnc (da) fills 
somewhat more 
than half of the 
blastodermic 
vesicle and is 

5 144.— Haman vith amnion, and of 
not constricted Se 15 to 18 days, Pre anins plirgrerd ‘Monsebliche igen 
off from the in- 1" has untwisted somewhat the posterior ead of the body kn oom- 

+5 2 parison with the original figure, In order to bring into view the 
testine, which right side of the ead of the body, the left ide being reprevoted in 
sill Bas the Gowre’s fig: 4. The chorion be detached wt a. ess, Ammion ; am’, 
the point of ateachment of the amnion to the chorion drawn out to 
form of a a tips 


groove, 

In somewhat older embryos it ix seen to be connected by means of 
a thick etal or witelline duet with the middle of the rudimentary 
intestine, now converted into a tube. It is supplied with blood by 
the vasa omphalomesenterica. 

During the sixth week the vitelline duct or ductus omphalomesmn- 
tericus has grown out into a long, narrow tube, which sooner or later 
loses its cavity and is converted into a solid epithelial cord. It 
terminates in the small egg-shaped umbilical vesicle (figs. 139 D and 
143 nb). Since the amnion, in consxjuence of a greater accumulation 
of fluid, now fills the whole blastodermic vesicle (fig. 143), it has 
enveloped both the vitelline duct and the neck of the allantois (af), 












jood-remela; ui, yolk-ane: A, heart; wb, visceral arab. 


Vie 


252 EMBRYOLOGY, 


and, as it were, surrounded them with a sheath (amniotic sheath), 
‘The structure thus produced, the umbilical cord, feniculus umbilicalis, 
is now the only means of connection between the embryo, which 
floats free in the amniotic fluid, and the wall of the blastodermic 
vesicle, Its attachment to the latter always coincides with the place 
where the placenta is developed, 

By the enlargenient of the amnion the umbilien! vesicle is crowded 
out to the surface of the blastodermic vesicle, where it is enclosed 
between amnion (am) and chorion (ch),,at some distance from the 
place where the umbilical cord is attached. It continues to exist 
hore up to the time of birth, although in a very radimentary condition. 
It is only by painstaking examination that it is to be found, usually 

sovernl inches away from the 
margin of the placenta, Its 
longest diameter measures only 
from 3 to 10 millimetres, It 
was on this account that the 
older text-books of anatomy, 
physiology, and ombryology 
contained the statement 
that in Man the vesicula 
umbilicalis disappeared as a 
useless structure; this idea 
prevailed until the constancy 


ary a of its presence was demon- 

+ 145.~ Orous section through the mucous mem- 7 

‘rane of the uterus tier Kuspearcsy Exon “trated by B. Scuuurze. 
Pre 


Gi, Uterine glands; M, mnscular layer of the 4. The Decidue, 

— The decidua or cadwcous 
fetal membranes take their origin from the mucous membrane of the 
uterus, the structure of which is greatly altered during pregnancy. 

In the unmodified condition the mucous membrane is a soft layer 
about a millimetre thick, which reposes directly and immoeably upon 
‘the musculature (//) of the uterus, which does nob possess a submucosa 
in this region (fg. 145). It is traversed by numerous tubular aderine 
glands (glanduls utriculares, @/,«), which begin at the surface with 
small orifices and pass directly downward in a sinuous course close 
to one another until they reach the musculature (M), where they 
terminate, often after dichotomous division. 

Mucous mombrane and glands are lined with ciliate cylindrical cells, 
‘Tho connective tissue that separates the glands embraces an extrn- 
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ordinary abundance of cells, some of whieh are spindle-shaped, others 
roundish. 

From the beginning of prognancy the mucous membrane undergoes 
very profound changes, which affect all parts, Concerning these we 
possess accurate observations, which relate to every month of preg- 
nancy, by Koxprar uxp Exceomany, as well as by Leoronp and 
Srpowick Mrxor, 

We take up in succession (1) the decidua vera, (2) the decidua 
reflexa, and (3) the decidua sorotina or placentalis, the part which 
enters into the formation of the placenta. 

(1) Decidua vera, As Lrovoun remarks, with the beginning of 
pregnancy the mucous membrane constantly increases injthickness, 
until it becomes 1 cm. or more thick, up to the time, indeed, when 
the growing ovum attaches itself completely to the walls of the 
uterus, therefore approximately up to the end of the fifth month. 
From that time forwant there begins, as it were, a second stage, in 
which, under the pressure of tho growing foetus, it again becomes 
thin and finally is only 1 to 2 mm. thick. Meanwhile both the 
glands and the tissue between them undergo changes. 

During the first staye the uterine glands, which at the beginning 
are tubes of uniform calibro, inereaer in especially in their 
middle and deeper parts (fig. 146); whereas at their open end 
they are rectilinear and drawn out lengthwise, deeper down 
they take spiral course and are covered with eraginations and 
pocketings. 

Upon sections therefore one can now distinguish two layers in tho 
decidua vern :— 

(1) An outer more compact layer (C), possessing more abundant 
cells, and 

(2) A deoper ampullar or spongy layer (Sp). 

In the former one sees the glands as elongated, parallel canals. 
In consequence of a great growth of the inter-tubular tissue they 
are separated from one another farther than at first; they begin at 
the surface with enlarged finnel-shaped pits (tr). "The surface of a 
mucous membrane stripped off from the musculature has, as KintiKen 
states, a sieve-like appearance, due to the enlarged orifices of the glands, 

In the spongy layer (Sp) one encounters irregular, lobed 
cavities (#A) one above another, the capacity of which continually 
inereases up to the middle of pregnancy, and which aro finally 
separated from one another by thin septa and cords of the matrix- 
tissue only. ‘The appearance is explained by the fact that in the 
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middle of their coursy the 
glands are highly tortuous 
and have enlarged and be- 
come pocketed, 

The ciliate cylindrical epi- 
“helium at the surface of the 
mucous membrane of the 
uteros gradually disappears 
entirely ; it is destroyed as 
early as tho end of the first 
month of pregnancy(Mrxor). 
Te the glands it undergoes 
fundamental changes. In 
the first months all the eavi- 
ties are still lined with it, « 
condition which, on account 
of the increase in the size of 
the cavities, presupposes an 
active cell-growth. Mean- 
while the originally elongate” 
cylindrical cella are in part 
converted into small cubical, 
in part into small flat strue- 
tures, except in the portions 
of the glands which adjoin 
the muscular membrane, 
The cells here preserve more 
or less their normal form up 
to the end of pregnancy, and 
subsequently serve for the 
regeneration of the epithelial 

of the mucous mem- 
brane of the uterus, 

In the fourth and fifth 


reglon} ait, ame 
the windings ad 
crowing ganda, 
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months one still finds all cavities up to the mouth of the glands 
lined with a thin Jayer of cubical or flat epithelial cells, 
Likewise in the first stage there occurs in the inter-glandular 


chorins ; 
anderpoing 





wipact, Sp, spoogy layer of the xasce ; Dr, dechliea reflexa ; ch, 
7a unlarged giand cavities de, glasdalar epithelinms 
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Fig. 147.—Croas section through the footal membranes and the uterus at the margin of the placenta st the sixth manth of 





tissue an active process of growth, especially in the upper compact 
layer, In this there are formed spheroidal straotures, 30 to 40 
in diameter, which have been called deciduad cella by FureorAxnen. 
Tn many places they lie #0 close together that, as a consequence 
and because of their form, they appear very similar to an epithelium. 








256 EMBRYOLOGY. 


‘They are also found in the spongy layer, but in the cords and septa 
they are more elongated and spindle-shaped. 

In the second stage, from the sixth month forward, in which the 
decidua vera becomes much thinner, and under the preasure of the 
growing fatua gradually diminishes from 1 cm. to 2 mm. in thickness, 
many regressive procesces take place in the individual parte that have 
juat been described (fig. 147), 

The mouths of the glands, which caused the sieve-like condition of 
tho inner surface of the decidas, become more and more difficult to 
see and finally disappoar altogether, 

The inner compact layer (OC) assumes a uniform, compact, lamellar 
condition, since by the pressure the cavities of the glands occupying 
it become wholly obliterated, and then by disappearance of the epithe- 
lium their walls become Fused, 

In the spongy layer (Sp) the cavities of the'glands (dh) persist, 
but, in consequence of the pressure, are converted into fissures, which 
are parallel to the wall of the uterus, and are separated by partitions 
which in comparison to earlier months of pregnancy have become 
very much thinner. The glandular cavities which are adjacent to 
the compact layer have lost their epithelinm or exhibit cellular debris 
(de), swollen bodies, and a slimy mass permeated with fine granules ; 
toward the uterine musculature, on the contrary, they possess a well- 
preserved epithelium of short cylindrical or cubical cells. 

(2) The decidua reflex (fig. 148 Dr) exhibite close agreement in ite 
structive with the decidua wera. That it has arisen from the latter 
by a process of foldiny may be inferred, as Kusprat has rightly 
maintained, especially from the circumstance that during the first 
months of pregnancy the mouths of uterine glands (glu), at least 
at the place of transition to the vera, are found upon both its sur- 
faces. The mouths lead into fissures (giv) which are parallel to the 
surface of the retlexa and are lined with cuboidal epithelium. In 
the inter-glandular tissue there appear the same large, round deciduat 
cells as in the vera, 

From the fifth month forward the space between vera and reflexa 
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m vory difficult, but occasionally it may still be accomplished to some 
extent. 

Moreover in later months the inside of the decidua reflexa is 
firmly fused with the chorion, and since the chorion in its turn is in 
contact with the amnion (fig. 147 ch and am), one now comes, by 





Pig, 148.—Bection through decidua serotina (Dw) at the transition into decidua vera (Jv) and 
‘ifexa (Dr), after Koxpnat Usp Evomsaasy, 

M, Musculature of the uterus ; &p, spongy layer of the decidua vern and werotina; C, compact 
layer of the sine; gl, uterine glands ; 4p, famres in the serotina remiting from growth 
‘of the glands : sh, ampullarial aces in the spongy layer prednoed by growth of the glanda, 


cutting through the muscular wall of the uterus, and then opening 
tho fartal membranes, which are thus pressed together, directly into 
the amniotic cavity, in which the embryo lies bathed in the amniotic 
Auid, 
(3) Tho third region, of the uterine mucous membrane, or the 
decidua serotina (fig. 148 Der), is that part which joins with the 
Ww 
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chorion frondosum to form « nutritive organ for the embryo,— 
the after-birth, or placenta. 

According to the statements of Kuxprat and Lrorotp it under- 

goes changes similar to those of the decidua vera. Here also the 
Piartae pestle groe saekily tae omer iiaticen tg 148) and are 
converted into irregular spaces (dh), which are from the beginning, 
however, most extended in breadth. Subsequently they are crowded 
together still more by the pressure and the growth of the placenta 
‘until they become narrow fissures which lio parallel to the surface 
of the uterus. 

‘The glandular epithelia disintegrate to a still greater extent than 
in the vera, and by disintegrating and swelling up become detached 
from the connective-tissue walls; only those regions of the glands 
which are adjacent to the muscular layer (if) retain their cylindrical 
cells, 

In this presentation K uxpnarand Leoroun disagree with Korumer 
and with Tunxer, who likewise, it is true, find great spaces in the 
deeper layer of the cerotina, but interpret them for the most part 
as greatly onlarged blood-vessols, an assumption according to which 
there would exist an important difference between the serotina and 
the vera, 

In the superficial layer the outlets of the glands must disappear 
early, since they become pressed together. Besides, mare active eell- 
proliferation takes place in the inter-glandular tissue. 

Therefore the decidua serotina (fig. 148 Dee) is also converted 
tnto two readily distinguishable layers :— 

(1) A deoper spongy layer (Sp), in which the detachment of 

the placenta subsequently takes place, and 
(2) A. superficial, more compact Isyer (C). The latter alone shares 
in the formation of the placenta, and is accordingly called 
the placenta uteri (or materna). It undergoes from the 

d more profound alterations. 
inted with these in the description of the 
placenta, to which we now pass, 


filled a spongy or doughy, 


sures 15 to 20 cm. in diameti 8 tod em. thick, Its weight 
roaches somewhat more than a pound (500 grammes). The surface 
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which is turned toward the embryo is concave (figs, 139 and 143) 
and altogether smooth, sines it possess a covering of the amnion 
(am) ; the surface which reposes on the wall of the uterus is convex, 
after its detachment at birth feels uneven, and is divided by deep 
furrows into separate lobes or cotyledons. 

The normal position of the placenta is, in the majority of cases, 
at the fundus uteri, where it is sometimes developed more to the 
left side, sometimes more to the right. Consequently the opening 
of one or the other of the Fallopian tubes may be covered and sealed 
by it. 

Tn rare cases the placenta, instead of being attached to the fundus, 
ix united to the wall of tho uterus nearer its mouth [os uteri]. This 
results from the fact that the fertilised egg, when it passes from the 
Fallopian tube into the cavity of the uterus, sinks down farther 
owing to abnormal conditions, instead of attaching itself at once to 
the mucous membrane. 

Ocensionally the attachment takes place quite low, in the immediate 
vicinity of the inner mouth of the uterus. In this case, as the 
placenta with the growth of the fmtus extends itself, it grows either 
partly or wholly over the mouth of the uterus, and closes it more 
or less completely. ‘This anomaly is known as placenta previa 
(lateralis or centralis) and presents a dangerous condition, because 
the regular progress of birth is disturbed. 

In consequence of the low position of the placenta perilous bleeding is pro- 
duced, either dnring pregnancy, or at least at the beginning of labor pains, 
because the placenta detaches itself from the wall of the uterus prematurely, 
whereby large blood-reasels are ruptured and laid open, 

In the investigation of the finer structure of the placenta serious 
obstacles are encountered, since it is a very soft organ traversed by 
numerous capacious blood-vessels. Therefore very contradictory views 
still prevail concerning many points which are of the greatest 
importance in judging of the structure. It does not appear to me 
possible to give at present a final opinion upon these points. 

Tn the doscription it is best for us to start with the fact that the 
placenta, as was previously stated, is composed of two parts,—of one 
part which is furnished by the embryo, and another part which is 
produced by the mother,—the placenta fotalis and the placenta 
nterina (Plate IL), 

‘The placenta fertalie is the part of the chorion (chorion frondosnm) 
which is thickly covered with much-branched villi, he villi (2), 
united into great tufts or cotyledons, elevate themselves from a firm 


membrano, the membrana chorii (m), in which the chief branches 
of the umbilical arteries and veins take their course, ‘They cunsist 
of (1) lange main stems (=), which grow straight out from the mem- 
brana chorii, and the ends of which (4!) sink into and firmly unite 
with the placenta uterina, which faces them, and (2) numerous lateral 
branches (/) which arise on all sides at right angles or obliquely, 
and which are in turn covered with fino twigs A small part of 
theso (4*) also fuse, by means of their tips, with the tissue of the 
placenta uterina (Laxcans), 80 that a separation of the fatal and 
the maternal portions can be accomplished only by forcible detach- 
ment. Kéitrcer has therefore appropriately divided the branches 
of the chorionic villi into roote of attachment (h!, h2) and free pro 
ceases (f). 

‘To each arborescent chorionic villus there goes a largo branch of 
an umbilical artery, which, corresponding to the ramifications of the 
former, is divided up into branches; the capillary networks which 
arise from this are situated quite superficially immediately under 
the epithelium of the villi. From this network the blood is collected 
into vessels, leading from the villi, which aro again united into a 
single chief stem that emerges from the chorionic tuft, 

Consequently the vascular system of the placenta fotalis is entirely 
closed. A direct mingling of the fetal and maternal blood cannot 
EDR AN en on the other band the prerequisite for 

easy exchange of fluid and gaseous components of the blood 
is Pesce by the very superficial position of the thin-walled 
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The connecticw substance of the chorionic rilli ix gelatinous tissue 
with stellate and spindle-shaped cells in the finer branches; in the 
larger stems it takes on a more fibrillar condition. 

‘The views of investigators are still at variance upon the important 
point whether the epithelium of the membrana chorii avd the willl is 
of fatal or maternal origin. Kétires, Lascaass, Leoroun, and 
others derive it from the cells of the serosa, whereas Excoran: and 
Teuszs, whom Barrovr has followed in his text-book, state more 
or jess explicitly that, although originally the cells of the serosa 
cover the villi as an epithelium, during the mutual intergrowth of 
the placenta fatalis and the placenta uterina they perish, and are 
replaced by proliferating cells of the decidua serotina. 

‘The recent investigations of Kastscumyxo and Srpewrex Mrxor, 
as well as the observations of Warorres, Kurrrex, Gear Sree, 
and Keres, afford mach enlightenment on this controversial 
subject. 

Kastecnrsko, who has most carefully investigated the epithelium 
of the chorion frondosum in the different months of pregnancy, 
and with whom recently 8. Mrxor essentially agrees, can readily 
distinguish two layers: (1)  cell-layer (Lasouass), which lies 
immediately upon the gelatinous substance of the villi and the 
connective-tissue membrana chorii, and in which the limits of some 
of the cell-territories may be made out, and (2) a multinuclear 
protoplasmic layer, in which separate cells cannot be demonstrated 
in any manner. These layers are rather sharply contrasted from 
each other, 

The doublelayered chorionic epithelium is already distinctly 
present in eggs four weeks old, as is confirmed by Kuprres, Gaar 
Srez, and Keine. The deeper layer consists of a single sheet of 
well-marked cubical cells; the outer layer discloses at the free surface 
@ striated border, the significance of which is obscure. 

In the following months the chorionic epithelium undergoes note- 
worthy alterations, The deeper layer becomes thickened in many 
places into special cell-patches, in which the elements are much super- 
posed. The outer, protoplasmic layer changes still more; it is 
converted into a hyaline, peculiarly lustrous substance, which is 
traversed by numerous fissures and spaces, and has therefore received 
from Laxcuays the name “ canalixed fibrin.” 

‘There is one conclusion that in my opinion results from these inves- 
tigations: the view of Tunxer, according to which the chorionic 
epithelium is replaced in the course of prognancy by uterine 


epithelium, must be abandoned. The chorionic epithelium, which ix 
derived from the serosa, is preserved ; it constitutes in any event the 
deeper layor, composed of epithelia! colls, which lies immediately on the 
membrana chorii or the gelatinous tissue of the villi. Perhaps there 
belongs to it in addition the so-called protoplasmic layer and the 
canalised fibrin. However, the source and significance of these 
structures, especially the latter substance, appear to me to be less 
satisfactorily explained, and to be in need of still further investiga- 
tions, in which the question of its origin from the maternal mucosa is 
not to be overlooked. For even if Tonwer has erred in regard to 
tho degeneration of the chorionic opithelium, ho is probably in the 
right in the second point, that the whole surface of the chorion 
frondosum is directly invested by a layer of maternal tissue, 

‘The connective-tissue framework of the chorion frondosum, then, 
is provided, as I think must be assumed, with a double investment: 
(1) with s fetal epithelium, derived from the serosa, and (2) with 
a layer, however thin it may be, of maternal tissue. 

I shall endeavor to establish this view in now turning to the 
discussion of the placenta uterina, the structure of which likewise 
presents great difticulties, and is therefore interpreted in very dif- 
ferent ways. 

‘The placenta wterina is developed out of the part ot whe uterine 
mucosa designated as decidua serotina (fig. 148 Dee). At birth it 
detaches itself, like the corresponding part of the decidua vera, from 
the inner surface of the womb line of separation shown on 
Plate II. by the breaking down of the thin connective-tismme septa of 
the underlying spongy layer. It then forms thin membrane of only 
5 to 1 mm. thickness, m late of Wivkten (Plate IL BP), 
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shallow compartments by finer connective-tissue outgrowths from 
the membrane and the septa, 

The edges of the septa do not reach to the roots of the villi in 
tho middle of the placenta, but only in a narrow peripheral region, 
where they come into immediate contact with the membrana chorii 
(Plate, II, m), and are joined together underneath it into a thin, 
closely applied membrane, which is piereed by the roots of the villi. 
‘This has besn called by WinkiER closing plate (Schlussplatte, SP), 
by Kérumen decidua placentalis stbehorialis, Still more appro- 
priate is the term employed by Watpnyna, subchorial terminal ring 
(Schlussring), because it is thereby stated that the membrane in 
question is present only at the margin of the placenta, leaving the 
middle area of the chorion free, 

‘The connective-tissue framework of the placenta uterina possesses 
in general the properties of the compact, abundantly cellular layer 
of the decidua yera and reflexa, but exhibits one peculiarity in the 
presence of a yery special form of cells, the so-called giant cells, 
These are large masses of protoplasm appearing yellowish groy, and 
with from ten to forty nuclei; they begin to develop in the fifth month, 
and are found in the after-birth in great numbers; they lie partly 
in the basal plate, partly in the septa, ordinarily in the immediate 
vicinity of large blood-vessels; but they aro also found isolated in 
the spongy layer of the decidua serotina and even between the 
adjacent muscle-bundles of the uterus. 

‘The greatest difficulties in the investigation of the placenta uterina 
are caused by its blood-courses. Numorous spirally twisted arterial 
stems (Plate IJ. a) penetrate through the muscular layer of the womb, 
and, passing through the spongy layer, reach the basal plate of the 
placenta uterina, where their structure undergoes important changes, 
For they here lose their muscular layer, and now appear ns large 
tubes, lined with endotheliam only. From the basal plate they 
penetrate in part into the septa placente, From here they are 
not to be followed further as closed vessels ; a transition to capillaries 
does not take place anywhere. On the contrary, it can be proved that 
through openings in the basal plate and the septa they pour their 
blood into « system of cavities between the chorionic villi, ie., into 
the intervillous or intraplacental spaces (c). The latter are bounded 
on the one side by the membrana chorii (m) with its villi (2), on the 
the other side by the basal plate (2?) with its septa. 

The blood is collected from this system of cavernous spaces into 
lange veins, which are likewise simply tubes lined with endothelium. 


‘These are distributed as a network in the septa, as well as in the basal 
and closing plates of Winxuer, and they begin with narrow 

which connect with the intervillous spaces. At the margin of the 
placenta they are joined together, and thereby produce the marginal 
sinus (Plate IT.), or the ring-like sinus of the placenta. This, however, 
is not to be regarded as a vessel of uniform calibre, but as a.«ystem 
of irregular spaces joined together. 

Tn virtue of the conditions described, the chorionic villi are directly 
bathed by the maternal blood, At tho same time, from what has 
already been said, it is to be seen that the motion of the blood is 
retarded, owing to the great enlargement of the blood-courses, and 
that it is irregular, corresponding to the form of the intervillous 
spaces. In general the motion of the blood is from the middle and 
from the convex side of the placenta, where the artories chiefly enter, 
towand its concave surface and its margin. 

‘The question as to the significance and the origin of the intervillows 
blood-spaces constitutes the key to the comprehension of the structure 
of the placenta, 

According to one view, which for a long time was the dominant 
one in Germany, and is defended by Kérurker, Laxonass, and others, 
the intervillous spaces originally have no connection with the maternal 
blood-system. Developmentally they are nothing but spaces between 
chorion and uterine mucosa, and owe their existence to the fact that 
the two structures have not everywhere come in contact, but have 
acquired firm connection only by means of the tips of the villi, The 
spaces in the earliest stage would be bounded by the epithelium of 
the villi and the maternal mucosa. Lanauans therefore designates 
them as placental spaces. According to this view they would acquire 
their blood-contents later only, and in this way, as Kéuuker ex- 
presses it: “The proliferating chorionic villi everywhere corrode, 
and in part destroy the maternal placental tissue, and thus produce 
an opening of their vessels, which must naturally lead to a gradual 
penetration of the maternal blood into the intervillous spaces.” 


‘This view has been modificd by other obsorvers (BRAXTON HICKS, ARLPELD, 
Rue, and others) to this extent, that the intervillous spaces, even in the 
‘mature placenta, do not normally contain blood nor have connection with 
the maternal blood-vessels, The almost universally received views concerning: 
placental nutrition are thus called in question, The denial of a regulated 
blood-circulation has induced the further hypothesis, that a uterine wild, 
as in the Ruminants, is secreted by the cells of the decidaa seroting into the 
{ntervillous spaces, and is taken up by the fostal villi. 
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According to the second diametrically opposite view, which finds its 
defenders in Vincnow, Turner, Erconaxt, Leoronp, Waupeyen, and 
others, the intervillous spaces are nothing else than the enormously 
enlarged capillary lood-vessels of the maternal mucosa, Chorion and 
decidua serotina early unite very intimately by means of their sur- 
faces, so that no fissures are left between them. The villi grow into 
the mucous tissue, the 
superficial capillaries of 
which enlarge to capa- 
cious spaces. 

Tf this view is cor- 
rect, the chorionic villi 
will necessarily be sur- 
rounded on all sides by 
thin coverings of ma- 
ternal tissue, or, since 
a partial degeneration 
of the covering would 
certainly be possible, 
there will of necessity 
be at Jeast a stage in the 
development in which 
such a covering will be 
demonstrable. 

Epconayi, Rourn, 





Fig. 149 —Diagrammatic representation of the nor struc- 
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that probably tho epi- of the uterine muceca), and is probably m connective 
thelial layer resting 
upon the connective- yome of the footal villi (Haftwurseln); da, decldox 


seroting of the placenta, 


tissue axis of the villi 
is not the original chori- 
onic epithelium derived from the serosa, but a covering which arises 
from the decidua placentalis—a viow the untennbleness of which has 
already been shown, 

Tn the dingram which Tonwee has sketehed to illustrate his view 
of the structure of the human placenta (fig. 149) the real original 
villous epitheliam is degenorated, 

‘The cell-layer ¢ is the epithelium of the uterine mucosa, into which 


the villous tufts (7) have grown, and with which the most intimate 
contact everywhere prevails, Outside the epithelium Tonner de- 
scribes in addition a thin membrane (x), which he interprets as an 
exceedingly thin connective-tissue layer, upon which is probably to 
be found an endothelial covering which lines the blood-spaces. The 
cords indicated by ¢ are connective-tissue strands of the maternal 
mucosa, which join the tips of certain feetal villi with the septa 
placentes (ds), by which the origin of the so-called attachment- 
roots (Haftwurzeln) is explained. The great blood-spaces a! are 
simply enormously enlarged, superficially located capillaries of the 
mucosa, 


‘The exact determination of the true state of affairs is coupled with 
great difficulties, 

However, it seems to me that the second of the two hypotheses 
cited, according to which the intervillous spaces are the enlarged 
maternal capillaries, is the more probable because the more natural, 
and the following facts especially appear to me to favor it — 

(1) From a comparative-anatomical point of view it can be main- 
tained that in all Mammals where a special adaptation to intra-uterine 
nutrition is developed, the epitholial surfaces of the chorion and the 
mucous membrane of the uterus lie directly on each other, and with 
the increase of surface produced by the formation of folds effect 
mutual ingrowth, An intra-placontal fissure, such as LANGHaNs 
and Kéutrker assume for Man, is found nowhere else among 
Mammals. We also see in some instances how the capillaries of 
the uterine mucosa become enlarged and acquire attenuated walls 

c.), 80 that the fertal villi are almost directly 

blood. The enlargement of the blood-courses in 

la ahi aaa elaboration of an already 
one arrangement. 
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second of the hypotheses cited. “ Villi and the tissue of the decidua,” 
he says, “become shoved into each other, as one can interlock the 
outspread fingers of the two hands. If now the blood-vessels of the 
serotina be followed, one will recognise here the greatly enlarged 
capillary network of the surface, upon which the egg comes to lie 
when it lodges. But its innumerable vesels apparently continue 
with the sprouts of the decidua to grow toward the villi, and 
‘become distended and more voluminous; on the other hand the villi 
increase rapidly in size, and thus it is intelligible that tho new 
branches of the villi, whose stems havo, as it were, sucked themselves 
fast in the decidua by means of their tips, at once encounter the en- 
larged capillaries of the surface, and press forward against these and 
break into them.” 

The weightiest objection that can be brought against this inter- 
pretation is the assertion of many investigntors that the chorionic 
villi are not covered with a mantle of maternal tissue, and that the 
intervillous spaces are not lined with vascular endothelium, How- 
ever, it is precisely ‘upon this point that more exhaustive and 
especially ontological investigations are desirable, For one is not 
at liberty to draw conclusions from the conditions of “delivered” 
placente, since degeneration may have taken place. Morcover 
Toxxzn and Leoroup claim to have demonstrated endothelia at 
certain places of the intervillous spaces. But especially decisive 
here appear to me to be, first, the important investigations which 
Watorven has recently published upon the placental cireulation in 
Man, and, secondly, Ketnec’s very noteworthy preliminary commu- 
nication upon the embryology of the human placenta. 

Watpryen has injected the maternal blood-vessels of placente 
which still possessed their normal attachment to the uterus, and has 
prepared sections through the hardened organ. He finds that the 
intervillous spaces are nothing else than the enormously enlarged 
maternal blood-vessels, and that at many places there is still present 
outside the villous epithelium a layer of flat cells, which he is inclined 
to interpret as vascular endothelium. He appropriately compares 
the intrusion of the chorionic villi into the intervillops blood-spaces 
with the ingrowth of the arachnoideal villi into the blood-sinus of 
the dura mater, carrying before them invaginations of the endothelial 
covering of the latter. 

Kernen has investigated by moans of sections a well preserved 
and prepared human embryo, which was in about the middle of the 
fourth week. He saw the villi (fig. 150 Z), which were proviced 
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with numerous secondary sprouts and were clothed in a two-layered 
chorionic epitheliam, already attached by their tips in the maternal 
tissue (attachment: villi), and also the intervillous spaces filled with 
epithelium by a special thin cellular membrane (#). This membrane 
consisted of very thin endothelial cells, and was frequently elevated 
more or less from the chorionic villi, probably owing to the method 
of preparation, Ketset justly concludes from the establishment 
of the existence of an endothelial membrane that the iatervillous 
Between the chorionic epithelium and the walls of the maternal 


HOY watervat 
afferent f Mowel-verreln. 


Fig. 150,—Dingram of the structure of the human placenta from an tmbr7o four works olf, 
after Kruver 


4, Chorionic vill ; Sp, attachment of the tips of the ame ia the materral devidas (D); ©, en 
Jarped maternal blood-capiliarien 


capillaries Kerset finds no further remnant of maternal tissue in 
the very young ovum. This would indicate an early and complete 
disappearance of the uterine epithelium, and would make it probable 
that the protoplasmic layer and the canalised fibrin described at 
p. 261 are to be derived from the cell-layers of the chorion, a mooted 
point concerning which I have been unable to form a definite opinion. 

‘Thus the observations are increasing which favor a special limita- 
tion of the intervillous spaces and the existence of a thin layer of 
maternal tissue, a vascular endothelium, upon the villi, 


6. The Umbilical Cord. 


Tho umbition’ cord (funiculus umbilicalis) constitutes the union 
botwoon the placenta and the embryonic body (tig. 143). Tt is a cord 
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about as thick as the little finger (11-13 mm. or 0°5 inch), and attains 
the considerable length of 50 to 60 em. (20-24 inches), It almost 
always exhibits a very pronounced spiral twist, which, regarded from 
the embryo, runs usually from left to right. 

There are often knot-like thickenings of the umbilical cord, which 
may be due to either of two causes. For the most part they are 
due to an increased growth here and there in the connective-tissue 
matrix of the cord (false knots). More rarely they are formed by 
a knotting of the cord, which resulta from the fact that the embryo, 
in the motions which it executes in the amniotic fluid, accidentally 
slips through a loop of the cord and then gradually tightens it into 
aknot. The thickening then presents, in distinction from the other, 
a true knot. 

‘The attachment of the umbilical cord to the placenta ordinarily 
takea place in or near its middle (insertio centralis). However, 
exceptions to the rule are not rare, Thus one distinguishes in addi- 
tion an insertio marginalis and an insertio welamentosa. In the first 
case the umbilical cord unites with the margin of the placenta; in 
the second place it does not reach the placenta at all, but attaches 
itself at a lesser or greater distance from the margin of the latter, 
to the fetal membranes themselves, and sends out from that point 
the outspreading large branches of its veasels to the placenta, 

‘Man is distinguished from almost all of the remaining Mammals 
by the possession of a long slender umbilical cord. Its condition 
in Man results from the great distension of the amniotic sac, 
Whereas this at first lies close upon the body of the embryo, it sub- 
soquently becomes so distended (compare fig, 144 with fig. 143) that 
it fills the whole cavity of the blastodermic vesicle and everywhere 
clings closely to the inner surface of the chorion. Owing to this, 
the remaining structures—the yolk-sac with its blood-vesoels, the 
slender canal of the allantoix with its connective-tissue envelope, and 
the umbilical blood-yessels—which emerge through the dermal navel 
‘of the embryo into the extra-embryonic body-cavity and betake 
themselves to the chorion, become more and more hemmed in by 
the amnion, and finally are crowded together into a small cord. 

At first the umbilical cord is short, since it pursues a straight course 
in uniting the navel of the embryo to the fetal membranes ; after- 
wards it becomes greatly elongated and folded in the amniotic fluid. 

Its structure varies at different times during pregnancy corre- 
sponding to tho changes which the yolk-sac and tho allantois with 
their blood-vessels undergo. 





{ shall give a detailed description of its finer structure for the 
end of pregnancy only, and shall consider especially the following 
parts: (1) the gelatin of Waarrox, (2) the umbilical vessels, (3) 
the remnant of the allantois, of the vitelline duct, and of the vasa 
omphalomesenterica, (4) the amniotic sheath. 

(1) The gelatin of Waanroy forms the common matrix in which 
the remaining parts are imbedded. It is a gelatinous or mucous tis- 
sue. In this soft gelatinous substance there run strands of connective- 
tissue fibrillss and elastic fibres, which are the scantier the younger 
the umbilical cord. They are joined together into a network, the 
meshes of which are narrower at some places than at others. In 
this way there are formed in the gelatin numerous firm peculiarly 
difforentiated strands, The cells of the gelatinous connective tissue 

partly stellate elements, the latter with 


(2) The umbilical blood-vessels consist of two large arteries (art. 
umbilicales), which conduct the blood from the embryo to the pla- 
centa, and a capacious vena umbilicalis, in which the blood flows back 
to the embryo after having traversed the placental circulation. The 
two arteries are wound spirally, like the umbilical cord itself, and 
are joined to each other by an anastomosis near their entrance 
into the placenta, They are very contractile, and exhibit a thick 
muscular membrane (tunica muscularis), consisting of circular and 
longitudinal fibres. 

(3) The canal of the allantois und the vitelline duct, which aro 
essential components of the umbilical cord during the first months of 

idergo reduction, and are present at the 

y in the form of insignificant remnants, 
as has been shown by Kéuurxer, Autrey, and Ruce. The canale 
‘latin of Witantos solid 


ad (AmnrEuD); usually 


amnion forms around 
sheath, which can be 
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of Wuantos, except at the attachment at the navel, where for a 
short distance it may be peeled off as a special thin membrane. 


Condition of the Fetal Membranes during and after Birth, 

As a conclusion to the account of the fostal membranes some further 
remarks may be in place regarding their history at birth. 

At the end of pregnancy, with the beginning of labor pains, the 
fetal membranes, which form a fluid-filled sac surrounding the em~ 
bryo, are ruptured as soon as the contractions of the musculature of 
the uterus have reached « certain degree of intensity, The rupture 
ordinarily arises at the place where the wall of the sac is pressed out 
through the mouth of the uterus (rupture of the amnion). In con- 
sequence the amniotic water now flows away. 

With the continuation and increase of the pains, the child is next 
forced out of the uterus through the rupture in the fatal membranes 
—it is born, whereas the placenta and embryonic membranes usually 
still remain behind for a short time in the cavity of the uterus, 
Tumediately after birth the union between child and fatal mem- 
branes has to be artificially interrupted, by the tying and cutting off 
of the umbilical cord at a little distance from the navel, 

Finally, tho fetal membranes with the placenta are detached from 
the inner surface of the uterus, and with renewed pains are discharged 
to the outside as the after-birth. 

‘The separation takes place in the spongy layer of the decidua vera, 
approximately in the region which is designated as the lino of sepa- 
ration in the diagram given by Leoronp (Plate IL). The after-birth 
is composed of both fatal and maternal membranes, which are quite 
firmly grown together: (1) the amnion, (2) the chorion, (3) the 
decidua reflexa, (4) the decidua vera, (5) tho placenta (placenta uterina 
and placenta fetalis), Notwithstanding the growing together, a 
partial separation of the individual membranes from each other is 
still possible. 

After birth the inner surface of the uterus is one great surface- 
wound, since by the ‘detachment of the placenta and the decidwe 
numerous blood-vessels are ruptured. Also during the first days of 
childbed fragments of the spongy layer of the decidua vera and 
srotina, which remained behind at birth, contiiue to be detached 
from it, Only the deepest layer of the mucosa, that immediately in 
contact with the musculature of the uterus, is retained. This still 
contains remnants of the cylindrical epithelium of the uterine glands, 
as has been already stated. In the course of several weeks it is 
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again converted, by an active process of growth, into a normal mucous 
membrane, whereby its superficial epithelium probably arises from 
the preserved remnants of the glandular epithelium. 

Svsprany. 

1, The human ovum establishes itself ordinarily at the base c 
the uterus (fundus uteri), between the mouths of the two Fallopian 
tubes, and becomes overgrown by folds of the mucosa and enclosed 
in @ capsule. 

2. The mucous membrane of the uterus is developed into the 
maternal envelopes of the ovum, the decidum, which are distinguished 
as decidua serotina, reflexa, and vera. 

(a) The decidua serotina is that part of the mucous membrane 
upon which the ovum immediately lies after its entrance 
into the uterus and on which the placenta is afterwards 


developed. 
(6) The decidua rofloxa is the part that grows around the ovum, 
(c) The decidua vora arises from the remaining portions of the 
mucous membrane lining the uterus, 

3. In the formation of the decidum or deciduous fortal membranes 
the uterine mucosa undergoes profound alterations of structure, and, 
accompanied by « rapid growth of the uterine glands and a partial 
disappearance of its epithelium, becomes differentiated into an inner 
compact and an outer spongy layer. 

4. Out of the wall of the blastodermic vesicle, so far as it is not 
employed in the formation of the embryo itself, are developed the 
fastal envelopes of the offspring, which in the main agree with the 
fatal envelopes of the remaining Mammals in number and the 
method of their development, but 


fore backward, remains united 
bryo with the serosa (aubee- 

{ a short pointed pro- 

@ formation of the 


sae into the extra- 
; but, in the form 
the under surface 
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(c) The yolk-sae (umbilical vesicle) is reduced to an exocedingly 
small vesicle, and is connected with the embryonic 
intestine by means of a» long thread-like stalk, the 
vitelline duet. 

({d) By the enlargement of the amnion, which at length fills the 
entire blastodermic vesicle (increase of amniotic fluid), 
the canal of the allantois and the vitelline duct, together 
with the umbilical and vitelline blood-vessels, become 
completely enveloped by the amniotic sheath; in this 
way is formed the umbilical cord (faniculus umbilicalis), 
a cord-like connection between the inner surface of the 
¢gg-membrane and the navel of the embryo, 

(e) The serosa at a remarkably early period (second week) 
develops villi over its whole surface, and by the ingrowth 
of the connective tissue of the allantois into the latter it 
becomes the villous membrane (chorion), 

(f) The villous membrane is differentiated into a chorion lave 
and a chorion frondosum : 

(a) The part which lies in contact with the decidua 
reflexa and is firmly united with it by means of 
villi which lag behind in growth becomes the charion 
lave. 

(8) The region which abuts upon the decidua serotina, 
and in which the villi grow out into large, much- 
branched tufts, is converted into the chorion 
frondasum. 

5. By tho penetration of the villous tufts of the chorion frondosum 
into the decidua sorotina and their firm union with it, there is formed 
an especial organ of nutrition for the embryo, the after-birth, or 
placenta, 

6. One distinguishes a foctal and a maternal part of the placenta; 
(1) the placenta fotalis or the chorion frondosum, and (2) the pla- 
centa uterina or the original decidua serotina. 

(a) The placenta fartalis consists— 

Firat, of the membrana chorii, in which the chief 
branches of the umbilical blood-vessels spread them- 
selves out, and to which the umbilical cord is attached, 
ordinarily in the middle (insertio centralis), rarely at the 
margin (insertio marginalis), still more rarely at a 
distance from the margin (insertio velamentosa) ; 

Secondly, of bundles of chorionic villi, the “ attachment- 

18 
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roots” of which are firmly grown together with the 
uterine mucosa by means of their tips, whereas the 
free processes project into the cavernous blood-spaces 
of the placenta uterina. 

(3) The placenta uterina, like the decidua vera, is composed of 
© compact layer, which becomes detached at birth (pars 
caduca), and a spongy layer, in which the separation 
takes place, a part remaining behind on the musculature 
(pars fixe). 

The compact layer (basal plate of Wrxkver) sonds 
partition-walls (septm placentw) between the chorionic 
paedonp thong ai Mikael tee 1 
the cotyledons. 

‘There are interpolated between the arteries and vein 
which run in the basal plate and the 
enlarged vascular spaces, in which the villi appear to 
bang free. 

The vascular spaces are probably extraordinarily 
distended maternal capillaries, in which case one may 
expect to find the chorionic villi invested by a very thin 
layer of maternal tissue (endothelial membrane), as is 
maintained by some investigators. 

7. At birth the deciduw or caducous membranes become detached 
from the uterus along the spongy layor, and together with the fatal 
envelopes and the placenta constitute the after-birth. 

8. In tho first weeks after birth a normal mucosa is developed 
out of the remnants of the spongy layer left upon the musculature 
and the remnants of the ut glands, from the epithelium 
of which the epithelium ‘of the mucous mombrane is probably 
regenerated, 


Ahlfeld, Friedr. Beschreilung eines sehr kleinen menschlichen Bios. 
‘Gyn il, NUIT, 1878, 
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PART SECOND. 


= 


INTRODUCTION TO PART IL 


Ix the first part of the text-book, which treated of the fundamental 
processes of the beginning of development, it was shown bow there 
were formed from the embryonic cells, the descendants of the 
cleavage-process, several cell-layers: the outer, the middle, and the 
inner germ-layers, and the intermediate layer which inserts itself into 
all the interstices between the former. In the further progross of 
development each of these chief layers, which Cant Exxsr vy, Barn 
has called the fundamental organs of the animal body, undergoes 
a series of manifold changes, and is in consequence gradually con- 
verted into the separate organs of the adult body. 

The study of the decelopment of the organs constitutes the Heme of 
the second part of this text-book. 

A division of the exteasive material to be presented here is best 
undertaken with reference to the separate germ-layers from which 
the various organs are derived, as was first attempted by Remax 
in his pioneer work “Untersuchung tiber die Entwicklung der 
Wirbelthiere.” 

But it must be observed at the very outset that the principle of the 
classification of organs according to the germ-layers can be carried out 
only with certain limitations. For the completed organs of the adult 
are ordinarily compound structures, which are not formed out of a 
single embryonic layer, but out of two or even out of three. Thus, 
for example, a muscle is developed from the middle germ-layer and 
the intermediate Iayer. Tho tecth ariso from the latter and the 
outer germ-layer; the alimentary canal with its glands contains 
eloments from three layers, from the inner and the middle germ- 
layers, as well as from the intermediate layer, When, notwith- 
standing, these organs are cited as descendants of one gorm-layer, 
it is for the reason that the various tissues are of unequal valne 
in the construction and function of an organ, the important com- 
ponents being furnished preéminently by one germ-layer. Thus 
the structure and the function of the liver or the pancreas are 
primarily determined by the glandular cells which are derived from 
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the inner germ-layer, whereas connective tissue, blood-vessels, nerves, 
and serous covering, although they also belong to these glands as 
a whole, are of less significance, because the characteristic properties 
of liver or pancreas do not depend upon them. In the anatomy and 
physiology of a muscle the muscular tissue is the more significant 
part, in the sensory organs the sensory epithelium. 

Guided by such considerations one has @ perfect right to designate 
the intestinal glands as organs of the inner germ-layer, the muscles, 
the sexual and urinary organs as belonging to the middle germ-layer, 
and the nervous system together with the sensory organs as products 
of the outer germ-layer. 

Thus the science of the embryology of organs is divisible into four 
main sections—into the science of the morphological products of 

(1) the inner germ-layer, (3) the outer germ-layer, 
(2) the middle germ-layer, (4) the intermediate layer. 





CHAPTER XIV. 


THE ORGANS OF THE INNER GERM-LAYER, 


Tax Aumenrany Tus with irs Arrenpep Orcas. 


Ayres completion of the formation of the gorm-layers and the first 
processes of differentiation described in the tenth chapter, the body 
of the vertebrated animal consists of two simple tubes, one within 
the other (Plate I, figs. 7 and 10),—the inner, smaller alimentary 
tube, and the body-tube separated from the former by the body- 
cavity (Uh')—each of which is composed of more than one of the 
primitive cell-layers of the germ. 

The alimentary tube, the further development of which will first 
engage our attention, is composed of two epithelial layers,—the 
entoderm and the visceral portion of the middle layer, which fur- 
nishes the epithelial lining of the body-cavity,—separated from each 
other by the intermediate layer, which is at this time little developed. 
Of the three layers the entoderm is unquestionably the most im- 
portant, since the further processes of differentiation primarily 
proceed from it, and since the physiological capabilities of the 
alimentary canal are determined by the activity of its cells. 

‘The changes which occur in the further course of development are 
best divided into three groups. First, the alimentary tube comes 
into communication with the surface of the body by means of a large 
number of openings, the visceral clefts, the mouth, and the anus, 
Secondly, it grows enormously in length, and is at the same time 
differentiated into asophagus, stomach, small intestine and large 
intestine, with their peculiarly modified mesenteries and omenta. 
‘Thirdly, numerous organs, which are for the most part concerned 
in the duties of digestion, take their origin from the walls of the 
alimentary tube. 
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I. The Formation of the Mouth, the Throat- or Gill-Clefts, and 
the Anus. 


At the beginning of development the alimentary tube opens out to 
the surface of the germ by means of the primitive mouth (primitive 
groove), which marks the place at which, during the stage of the 
blastula, the inner and middle germ-layers have been invaginated 
(Chapters V. and VIL, figs. 44, 47, 54, 55, 78 u), But this opening 
is only @ transitory structure. 

Located at the future hind end of the embryonic fundament, it 
is at first overgrown by the 
medullary ridges, and es- 
tablishes a temporary union 
between the intestinal and 
neural tubes, the canalis 
neurentericus (figs. 68 en, 
80, 88 ne). Afterwards it 
becomes entirely closed by 
the growing together of 
the edges of the primitive 
mouth, 

It is affirmed by some that in 
certain Vertebrates (Petromy- 


Fig. 5L.—Median section through the head of 8 son gerernl Amphibia) the 


Rabble long, afer MOMALKOIOR Tt tee mouth ‘a 
becomes the anus of the adult 
animal, 

‘There arise, however, on 
fretrle rer, afterbain the permanent alimentary 
lepencephalon and ietancephalon,* or medulla tybe, both at its anterior 
stlangsinl a, cain sot of the ta ond. voatatiin sole aaa 

openings, part of which are unpaired, part paired ; for tho wall of the 
alimentary tube at several places fuses with the wall of the body, 
then becomes thinner, and finally breaks through tw the outside. 
The unpaired openings are mouth and anus; the paired ones are the 
throat-, gill-, or visceral clefts. The first to be established are the 
mouth and the gill-clefts, in the regions of head and neck. These 
are of the greatest importance in the external morphology of the 


* [Huxley bas employed metencephalon and myelencepbalon instead of 
‘epencephalon and ictencephalon for the fourth and fifth regions of the brain 
respectively.] 
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embryo, because with their appearance the head- and neck-regions 
become distinguishable, 


A. The Development of the Mouth. 
in all vertebrated animals the epidermis forms on the under side 
of the radimentary head, which at first has the appearance of a 
rounded knob, a small shallow pit (Plate I., fig. 11, and fig. 151), 
which meets the blind end of the 
fore gut (kd). In the region of 
this pit the middle germ-layer 
is from the beginning absent 
(Kemet, Canivs). Outer and 
inner germ-layers meet to form 
@ thin membrane (fig. 151 rh), 
which separates oral sinus or 
oral pit [stomodieum] and fore 
gut, and which has been de- 
scribed since the time of Remax 
a8 pharyngeal membrane (Rachen- 
haut). By its rupture and the 
degeneration of the shreds of it 
known as the primitive palatal 
velum communication with the 
outside is established (Plate 1, 
figs. 4 and 7 m). sh, Oral git (or sina) $A, wore i 
Fes, nilddie part of the ventricle of heart ; 


Ye, vena cava superior or ductus Cuvier ; 
Sr, alous reunions; Yy, vena unibilioalis ; 





In the case of the Chick the oral 





pit is observable on the second day 
of incubation, the front end of the 
embryonic fandament having a short 


Fb, left part of the ventricle ; MTo, aarivte of 
heart ; 2, diaphragm ; Yom, vena omyphalo- 
meenterica; , solid fandainent of the 


time previously elevated itself as a 
¢ophalio knob above the extra-em- 
bryonic part of the germ-layers, ‘The rupture of the pharyngeal membrane 
takes place on the fourth day. In the case of an embryo Rabbit of nine days 
the pharyngeal membrane is not yet ruptured, Hrs has studied in detail this 
early stage in Man on his embryo Zy,” the age of which he estimates at twelve 
days, 


Tn all amniotic Vertebrates the entrance to the oral pit (fig. 152 
Mb) presents a very uniform condition and appears as a large five- 


liver ; 149, hepatic duct. 





* [It will be seen by an inspection of figure 158 that the longest straight line 
which can be drawn through the embryo conneets the neck- and rump-regions. 
It is this distance which is designated as the neck, or neck-rump, measure- 
ment.) 


sided opening, which is surrounded by jive ridges, A knowledge of 
these is of great importance in studying the history of the formation 
of the face, 

Of the five ridges one is unpaired, the frontal or naso.frontal 
process, x broad, rounded projection which bounds the oral pit above. 
Its origin is connected with the development of the central nervous 
system, which reaches up to the anterior end of the embryonic 
fundament, whore it is developed into the cerebral vesicles (fig. 153 
gh, 2k, mh). Examined by means of a longitudinal section, the 
frontal process at this stage, therefore, encloses a large cavity be- 
longing to the neural tube, and has the form of a vesicle, which is 
composed of three layers, the epidermis, a layer of mesenchyma, and 
the thickened epithelial wall of the neural tube. The primary oral 
cavity and the fundament of tho brain are closely apposed at the 
beginning of development ; thoy are separated by only a thin sheet 
of tissue, within whose territory there is subsequently formed, among 
other things, the floor of the cranium, 

‘The four remaining ridges are paired structures which surround 
the oral sinus upon its sides and below, These are produced by 
growths of the embryonic connective tissue, through which large 
blood-vessels take their course. They are distinguished according to. 
their positions as upperjaw (mavillary) and lowerjaw (mandibular) 
proceases. The former are on either side in immediate contact with 
the frontal process, from which they are separated by a groove only, 
the naso-optic furrow, which will be discussed in a subsequent chapter, 
and which runs obliquely upward and outward to that region of the 
face in which the eye begins its development. The maxillary process 
is separated from the mandibular process by an incision which corre- 
sponds to the place of the future angle of the mouth. The two 
processes of either side together form the pharyngeal arches, or the 
membranous jaw-arches, 


Before the rupture of the pharyngeal membrane the oral sinus has become 
still deeper, but only in its opper part, whereas toward the mandibular aroh it 
becomes shallow, This condition is connected with curvatures which in all 
amniotic Vertebrates as well as saffect that part of the head which 
encloses the brain-vesicles and lies above the alimentary tebe, For the front: 
ond of the bead is bent down toward the ventral side of the embryo, and 
finally makes a right angle with the posterior balf of the head (fig. 163), 
Consequently the plice at which the so-called anterior cephalic creature hns 
occurred, and at which the posterior and anterior halves of the head bend into 
cach other, has become an elevation, the parietal [ar mid-brain] elevation (Schel- 
telhtcker), SH. The latter encloses the middle brain-vesiclo (ma), the future 4 
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mid-brain. Farthermore the frontal process, in consequence of the curvature, 
covers in the oral sinus more and more from above and in front, and thereby 
contributes to ite depth, 

‘As His haa shown for the human embryo, the pharyngeal membrane before 
rupturing extends obliquely backward and upward from the mandibular arch, 
and becomes firmly attached at the point of curvature Ap, where, as a result of 
‘the bending, the anterior and posterior halves of the head meet each other 
at right anglex Even after the rupture of the pharyngeal membrane there 
is retained, in front of 
its attachment, a small ho ef 
pit, which constitates 
RATHKER pocket (Hg. 
183 Ap). 

It is to be noted that 
the oral sinus, in front 
of the pharyngeal mem- 
brane, and the fore gut, 
whieh lies behind i, do 
not correspond respoc- 
tively to the cavities de- 
signated in the anatomy 
of the adele as oral 
cavity and pharynx, Bat 
the region of Raraxe's 
pocket, which belongs 
to the embryonic oral 
sinus, is in the adult 
referred to the pharynx. 

In consequence of the Pig, 168 —Median sagittal section through the bead of Chick 
arly and complete dis~ incubated 45 days, after Miniarxovice 
appearance of the pha- SW, Parietal (mid-braln} elevation ; a, lateral venteicts of the 
eeetamims ea ac a tae 
no longer possible to Dbatereasoepbaion)s Said bel 4 
say at what place in the af, pineal proces ; Ap, hypophysial (or Raraxe’s) pocket ; 
adult is to be sought eh, chords; ba, baillar artery. 
the transition from the 
primitive, epidermis-lined oral sinus to the epithelial layer of the alimentary 
tube, 








B. The Development of the Visceral Clefts. 


While the changes described take place in the vicinity of the oral 
sinus, several oisceral clefte make their appearance immediately 
behind the jaw-arches upon either side of the body, They are 
developed in the case of Selachians, Teleosts, Ganoids, and Am- 
phibia, as well as Ammiota, in a rather uniform manner (figs. 154, 
155). From the epithelium of the fore gut there are formed deep 
outpocketings (ech’—eel*), which ran from above downward on the 
Jateral wall of the throat parallel to the jaw-arches, They crowd 
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aside the middle germ-layers, which extend into this region, and 

thus grow outward to the surface, where they unite with the epi- 

dermis, The latter now become depressed into furrows along the 

regions of contact (fig. 154), so that one can distinguish inner, desper 

throat-pockets, and outer, shallower throat- or gill-furrows. The two 
are separated from each other 
for a time by a very thin elos- 


154 and 157) are the mem- 
branous branchial, throat-, or 
visceral arches, They consist 
of an axis, which is derived 
from the middle germ-layer 
and the mesenchyma, and of 
an epithelial covering, which 
on the side toward the pharynx 
is furnished by the inner germ- 
layer, on the outside by the 
outer germ-layer. Thoy are 
designated according to their 
sequence as the second, third, 
fourth, ote,, visceral arches, 
inasmuch as the ridge which surrounds the mouth constitutes the 
first visceral arch. 

Jn all water-inhabiting Vertebrates which breathe by means of 
gills the thin epithelial closing plates break through between the 
visceral arches, and indeed in the same sequence as that in which they 
arose, Currents of water therefore can now pass from the outside 
through the open clefts into the cavity of the fore gut and be employed. 
for respiration, since they flow over tho surface of the mucous mem- 
brane. There is now developed in the mucous membrane, upon both 
sides of the visceral clefts, a superficial, close network of blood- 
capillaries, the contents of which effect an exchange of gases with 
the passing water. Moreover the mucous membrane becomes folded, 
for the increase of its respiratory surface, into numerous, close-set, 
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parallel branchial leaflets, which are provided with the greatest 
abundance of capillary blood-vesels. In this manner the most 
anterior section of the alimentary canal, which lies immediately 
behind the head, has become converted into an organ of respiration 
adapted to life in water. 

‘The important differentiation of the alimentary canal into an anterior re- 
spiratory chamber and a following nutritive region Ls possessed by Vertebrates 
and Amphioxus in common with certain Invertebrates (Tunicates and 
Balanoglossus). 

Likewise in the case of the higher (amniotic) Vertebrates both 
inner and outer visceral furrows, together with the visceral arches 
separating them, are, as has already been stated, formed; but here 
they are never developed into an actually functioning respiratory 
apparatus; they belong consequently in the category of rudimentary 
organs, Upon the mucous membrane there arise no branchial leaflets; 
indeed the formation of open clefts is not always and everywhere 
achieved, since the thin epithelial closing membranes between the 
‘separate visceral arches are preserved at tho bottom of the externally 
visible furrows. Upon this point, however, the opinions of the 
investigators who have been engaged in the study of the throat-region 
in late years are very dissimilar. Whereas Hrs, Bors, and KéuniKen 
maintain that the closing plate does not as a rule rupture, For, pe 
Mevnox, Kasracumsxo, Liesswen, and others find that at least the 
first two or three visceral clofts are temporarily open. The opening 
takes place to a greater oxtont in Reptiles than in Birds and 
Mammals, where it remains limited to a small territory. In the most 
posterior visceral pockets there can be no breaking through, because 
they are not as deep, and the closing plate ix therefore thicker and 
contains also a layer of connective tissue, The conditions in Reptiles 
and Mammals, as well as tho differences in the number of visceral 
arches, to be mentioned directly, express separate stages in the 
process of regressive metamorphosis, to which the whole visceral 
apparatus in the vertebrate series has been subjectod. 

The number of visceral clefte which actually appear in the separate 
classes of Vertebrates is variable. The greatest number is en- 
countered among the Selachians, where there may be as many as 
six (fig. 155), in a few species indeed seven or eight. In Teleosts, 
Amphibia, and Reptiles the number sinks to five. In Birds, 
Mammals, and Man (figs, 154 and 157) only four arise. We can 
therefore say in general that from the lower to the higher Vertebrates 
@ reduction has taken place in the number of wisceral clefts which 


pelt cagelae In view of these phenomena, and gnided by 
tomical considerations, many investigators 
 cnajprinctahp ekrmutragranpammesre tony Byes 
Vertebrates the fore gut has been pierced by a greater number 
of clefts than is now to be observed even in the Selachians, and 
further that degraded or metamorphosed remnants of them are still 
to be found in the head- and neck-regions. 
VAN BEMMELEN bas observed in embryos of various Sharks and Skates out- 
pocketings of the lateral wall of the throat behind the last visceral arch, and 
has interpreted them as mdimentary visceral clefts, which no longer succeed. 
in breaking through (fig. 155 nad), Subsequently there are developed out of 


structure to the thyroid gland. Also in 
the heacl-region, which lies in front of 
‘the first visceral arch, a reduction and a 


‘especially has propounded 
several hypotheses of this kind, for which, 
however, I do not find valid grounds: (1) 
that the mouth has arisen by the fusion 
‘of m pair of visceral clefts, (2) that the 
olfactory organs are to be referred to the 
metamorphosis 


of another pair of clefts, 
a view which is also shared by M. Man- 
SHALL and several others,—(3) that a dis- 
appearance of gill-clefts in the region of 
the sockets of the eye is to be assumed, 
and that the eye-muscles are to be inter. 
proted as remnants of gill-mascles, 


become visible in the course of the 
at first, but, at the end of 


separate them, the first ia 
frontal section they form 
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From the fourth week of development onward the visceral arches 
begin to be displaced in relation to one another, owing to a more rapid 
growth of the first tico than of the following ones (fig. 156). 
glide over one another,” as His remarks, ‘like the tubes of a telescope, 
in such a way that, viewed from the outaide, first the fourth arch is 
surrounded and covered in by the third, and this in turn by the 
second, whereas on the inner surface, that which is turned toward the 


pharynx, the fourth arch 
lies over the third, the 
third over the second.” As 
a result the length of the 
oro-pharyngeal cavity is 
relatively lest in the older 
than in the younger em- 
bryos. In consequence of 
this unequal growth, which 
moreover takes place in an 
entirely similar way in the 
embryos of Birds and Mam- 
mals, there is formed a deep 
depression of the surface at 
the posterior margin of the 
cephalo-cervical region, tho 
neck-sinus, sinus cervicalis 
(Rast) or einus pravervi- 
ealis (His) (figs, 156 and 
158 Ab). In the depths of 
this depression and on its 
front wall lie the third 
and fourth visceral arches, 
which are now no longer 
visible from without. The 


entrance to the sinus is bounded in front by the second visceral, or 
the hyoid, arch (eb). The latter gradually develops « small process 
backward, which covers over the cervical sinus and has been justly 
compared by Rarsxe with the operculum of Fishes and Amphibia. 
The opercular process at last fuses with the lateral wall of the body. 
Thereby the sinus cervicalis, which corresponds to the cavity beneath 
the operculum which in Fishes and Amphibia covers in the real gill- 


arches, is closed up. 


One easily gets an accurate conception of these important processes 
Ww 





Tig. 186 —Prontal reconstruction of the oro-pharyngeal 
conte abaaen eadere erst hin tien, tone 


neck measurement, Frou His,“ Mensehliobe 
‘ryonon.” Magnified 12 diameters, 


‘The uppee jaw As seen In parapeetive, the lower Jaw li 
section. ‘The Inat visoeral arches are no longer 
‘visible externally, alnce they have tmoved into the 


depths of the earvical sinus. 





“ They 
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of growth by comparing fig. 154 with fig. 156 and fig. 157 with 
fig. 158. 
The development of the visceral clefts and the cervical sinus has also a 


cavity. They result from embryonic conditions, the 
cervical sinus having remained partly open. From this sins a passage may 


oe bt wk 


Pig. 1 — Nery young buna Gakeze ofthe fsth wosk tm. lang, sedeeuay mssenromed 
from the uterus of « suicide ® hours aftar her death, after 
o, Bret, rg, Dasma ity Shs leper Sort ay Wied Coch Ps ta wok rari ieee aba 
Aiawernones the will 0 ey icesk potest br eee ate eey ‘ws, boundary 
between two primitive segments ; o¢, #4, anterior and posterior Lim’ 


Joad, even in the adult, into the pharyngeal cavity, if abnormally the second 
‘visceral cloft has not closed. 


C. The Development of the Anus and the Postanal Gut. 


‘The question concerning the fate of the primitive mouth [blastopore] 
and the development of the anus is not yet settled. Many disclosures 
are still to be expected from 4 comparative study of these structures 
in the different classes of Vertebrates. According to the common 
representation, which appears to me to correspond on the whole 
with the real state of affairs, the primitive mouth is a transitory 
structure without permanent existence. In all Vertebrates it is 
surrounded, as in Amphioxus, by the growth of the medullary folds, 
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and when these are closed, it no longer lends direotly to the outside, but 
into the posterior end of the neural tube. It has thereby become 
the familiar canalis neurentericus (fig. 159 ne). Neural tube and 
intestinal canal together form a U-shaped tube, at the bend of 
which the rudiment of the primitive mouth, or primitive groove, is 
to be sought. 

The anus is a now structure. It arises on the ventral side of the 


Est 





Fig. 168.- Human embrys of the middle of the Afth week 9 mm. long, nesk-rump measurement, 
afver Rant. 


‘4 Mid-brain (parietal) eleeation ; au, eye ; of, upper Jaw ; wk, lower jaw ; ob, hyoid arah ; A, sinua 
cervicalle; np, nasal pit ; o, anterior, us, posterior lab : mp, muscle plates (trunk-sigmaenta) 


body (fig. 159 an) at some distance in front of the place where the 
neural tube bends around into the intestine, Over a small area 
the entoderm and the epidermis here grow toward each other, 
and, by crowding aside the middle gorm-layor, come into contact and 
form a thin septum, the anal membrane. Externally this place is 
characterised in many animals by a depression of the epidermis, the 
anal pit (fig. 159 an). The opening of the intestine to the outside 
takes place in most cases at a rather advanced stage of development 
by the rupture of the thin anal membrane, which consists of only 
two epithelial layers. The process is therefore similar to that by 
which the mouth is formed. In one important point, however, there 
exists a difference between the opening at the anterior and that at 


clay 
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the posterior end of the body. Whereas the oral sinus comes in 
contact with the anterior end of the fore gut, the formation of the 
anus does not take place at the posterior end of the embryonic intes- 
tine, which is occupied by the primitive mouth [blastopore], but at 
some distance in front of it. (Compare also fig. 126, that of the 
Chick, in which the region where the anal pit is to be formed is 
designated by the letters an.) Consequently in the embryos of 
Vertebrates, when the anus bas broken through, the embryonic in- 
testinal tube is still continued for some distance back of the anus to 
the primitive mouth. This portion is devignated as the post-anal or 
caudal gut (fig. 126 png.) The latter designation is appropriate, 
because the part of the body which lies behind the anus, in which is 


wm Mouth ; an, anus ; liver ; ne, neurenterie canal ; we, medullary 
tubs; eA, chordn ; ym, pineal gland. 


widely different animals by several investigators : first by Kowanzvsky 
in Amphioxus, the Acipenseridw, Selachians, and Teleosts ; then 
by Gorrre, Bonrerzky, Barrour, His, Kiuumen, Gasser, Brau, 
Boxxer, and others in the Amphibia, Selachians, Birds (fig. 126 
p.og.), and Mammals, Tn the Selachians (Seyllium) the post-anal 
section at the time of its greatest development attains about one- 
third the length of the whole alimentary canal. It exhibits at its 
ond a small vesicular enlargement, which communicates with the 
neural tube by means of a narrow opening. In an advanced embryo 
of Bombinator it is also to be seen well developed, as shown in the 
sagittal section fig. 159. It begins at the place marked by an, 
at which the epidermis has sunk down to form the anal pit (an) and 
at which it has united with the intestine, immediately behind the 
mass of yolk-cells collected in the ventral wall of the latter. From 
this point it runs backward as a narrow but open tube, and bends 
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around dorsally into the noural tube as the neurenteric canal. The 
primitive mouth, now closed, formerly lay at the place of bending. 

‘The post-anal gut, sooner or later, undergoes regressive metamor- 
phosis in all Vertebrates ; it loses its cavity, becomes a solid epi- 
thelial cord, afterwards detaches itself from the anal part of the 
intestine and from the neural tube, and then disappears altogether. 
Thereby the neurenteric canal, the last remnant of the primitive 
mouth, has ceased to exist. 

A few still more specific statements, in accordance with the repre- 
sentations of Srraut, Kéuiien, Boxyer, Kutnen, and Gracosr1, 
concerning the formation of the anus in Mammals, may be mentioned 





Fig. 160. —Sagittal section through the posterior end of an embryo Sheep 16 daye old and with 
5 pairs of primitive segments, after Boxer. 

‘al, Allantols ; afm, anal membrane ; ax, anunion ; #A, amuiotio cavity ; at, outer gurm-layer, and 
i’, middie gorm-layer, which sbare in the formation of the amnion ; mp, neural plate as 
it menpy into the primitive streak ; pr, primitive groove in the region of the neurenteric 
canal; (&, inner geetu-layer ; ai’, splanchnic portion of the middle geran-layer ; d, alimentary 
tube. 


in this connection. The first fundament of the anus is demonstrable 
even in embryos with fow primitive segments. At the posterior end 
of the primitive streak—at tho anterior end of which the neurenteric 
canal is situated—the anal mombrane ix formod by the disappearance 
of the middle germ-layer over # small area and the close contact of 
entoderm and epidermis. This, however, takes place so that the 
two latter layers always remain separated from each other by a 
sharp contour (fiz. 160 afm), One might be inclined to regard 
this position, at the hindermost end of the primitive streak (pr), 
as deviating from the representation just given, according to which 
the anus arises on the ventral side of the body somewhat in front of 
the nourenteric canal. That is not the case, however, as the further 
course of development teaches ; for in meroblastic eggs, in consequence 
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‘of the previously described process of folding,—by means of which 
the body is formed from the flattened-out germ-lnyers,—the region 
which originally lies behind the primitive groove comes to lie ventral 
to and in front of the tail-end. At a somewhat later stage than that 
shown in fig. 160, the primitive streak in front of the anal membrane 
grows outward as a small ridge and subsequently onlarges into the 
tail of tho Mammal. The neurenteric canal, located in the ridge, is 
overgrown by the medullary folds, and upon the complete closure 
of the latter is incorporated in the neural tube, as in the case of the 
remaining Vertebrates In the case of Mammals also there is formed 


(fig. 161 sc), the more it projects 
over and beyond the anal mem 
brane (afin), which constantly 
moves farther toward the ventral 
side of the body and is now found 
between the base of the tail (sch) 
and the fundament of the allan- 
tois (al). The rupture of the anal 
membrane takes place relatively 
late; in the case of Ruminants, 
for example, in embryos that are 
more than twenty-four days old, 

Apparently the anus in Binds 

frontof the tall-bad; af, allantois, -@Yises in ® manner similar to 

that in Mammals. According to 

the statements of Gassen and Kéutrxen its opening, produced by 
the rupture of the anal membrane, occurs on the fifteenth day. 


It ix asserted for many Vertebrates (Potromyzon, Triton, Salamandra, Rana 
temporaria, Alytes) that | theprimitive mouth is converted directly into the anus 
(GassER, JouNsoN, SeDGWICK, SrExcen, KUrPrER, GORTTE), Bat since the 


is incorporated Ee bind end of the neural canal (canslis neurentérious, 
chorda-blastopore), and a posterior, which becomes the anus (anal blastopore, 
anol canal). The statements, which are still contradictory, must be cleared 
up by means of comparative investigations, 
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II, Differentiation of the Alimentary Tube into Separate Regions 
and Formation of the Mesenteries. 


At first the alimentary tube is broadly in contact (fig. 116) with 
the dorsal wall of the trunk; it is united to the chorda (ch), the 
neural tube, and the primitive segments by means of a brond tract of 
embryonic connective tissue, in which the fundaments of two large 
blood-vessels, the primitive aortw (ao), are enclosed. The right and 
left. portions of the body-cavity are therefore still separated from 
each other on the dorsal side by a considerable distance. The older 
the embryo is, the less this distance becomes, until thero results a 
mesentery, a structure which is established along the whole length of 
the intestinal tubo, with exception of the anterior portion, in the 
following manner (compare, Plate I., figs. 8 and 9 with fig. 10). The 
alimentary tube recedes from the chorda ; at the same timo the broad 
tract of connective tisine previously mentioned becomes narrower 
from right to left, but elongated dorso-ventrally (fig. 10, Plate I.); 
the two sorte embraced in it move nearer and nearer together and 
finally fuse inton single trunk, which lies in the median plane between 
chorda and intestine, After the further advance of this process the 
alimentary tube and chorda remain united by moans of only a thin 
band, which stretches from the front to the hind end of the embryo, 
This proceeds from the connective tissue enveloping the chorda, 
encloses along its line of origin the aorta, and is composed of three 
layers: a connective-tissue lamella, in which blood-vessels run to 
the intestine, and two epithelial coverings, which are derived from 
the middle germ-layer and are now composed of greatly flattened 
cells, 

The differentiation of the alimentary tube into separate nowequivalent 
regions lying one behind the other begins with the development of the 
stomach. This first becomes distinguishable, at some distance be- 
hind the respiratory tract, a8 a small spindle-shaped enlargement, the 
Tong axis of which corresponds with that of the body (figs. 162 and 
163 Mg). Such a condition is attained by the human embryo of the 
fourth week. Five successive regions may now be distinguished in 
the whole embryonic alimentary tube: the oral cavity, the throat- 
cavity with its visceral clefts, which is narrowed into the shape of a 
funnel where it merges into [the third region,] the gullet. This is 
followed by the spindle-shaped enlargement, the stomach, and the 
latter by the remaining portion of the alimentary tube, which still is 
more or less broadly connected (Ds) with the yolk-sae, Excepting 
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the first three regions, the whole alimentary tube possesses a 
mesentery (mesonterium), the part which is attached to the stomach 
being designated by the special name mesogastrium. 

Tn many Fishes and Amphibia this condition is permanent. Even 
in the adult the alimentary tube takes only » slightly sinuous course 


Fig. LOR. Mig. 168, 
Fig. 340, —Alimontary tao of abunian cere (8 of Bu) § mon. tng, neck measmemeet: Prom 
Embsyonen," Alaanetern 


ry hepatic duet ; De, * ation Gace 
tlantole duet 1, Woltian duct, with budding kidney-dact 


> 163.—Alimentary tube of « human embryo (i! of Hi) 425 mmm, long, neck measurement. 
From Hix, “Menschliche Emleyonen," Magnified 30 diameters, 
‘The abbreviations mean the mio as in fg. 108. 


through | the body-cavity, Tho stomach appears as a spindle-shaped 


order to find room for itself in the 
body-cavity, is compelled to take a tortuous course, In this way 
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certain parts remain near the vertebral column, whereas others, 
ns a resnit of the folding, are more distant. The former aro 
attached by means of a narrow mesentery and are consequently 
less movable, the latter by their chango in position have drawn 
out their suspensorial band into a thin Inmella, which sometimes 
attainsa remarkable breadth and allows a correspondingly increased 
freedom of motion. 

The processes of development, 
which are in part very complicated, 
are satisfactorily explained by the ex- 
cellent works of Mrcxxn, Jomaxxes 
MUciex, Tort, and His, even in 
the case of human embryos, so that 
these may serve as « foundation for 
the deseription. 

In human embryos of the fifth 
and sixth weeks the posterior sur- 
face of the stomach, that which is 
turned toward the vertebral column 
(fig. 164 ge), is greatly distended ; 
the anterior wall (tc) on the con- 
trary, which upon opening the 
body-cavity is found to be covered 
by the already voluminous liver, is 
somewhat depressed. Consequently 





de, duodenum ; 4, part of the loop 
hat wiit become the small Intestine 


a line running along the posterior 
surface from the entrance of the 
stomach (cardia) to its outlet 
(pylorus) is much longer than the 
corresponding line along the an- 
terior surface, The latter becomes 


@, part of the loop that will become 
the large intestine and begins with 
the eneum ; of, place of connection 
with the vitelline duct; my, moa 
ferrin ; mA, rewmteriam ym, 
spleen; py, pauoreas; yr, reatum ; 
©, norte; cf, continon ; meh, mewn 
tericw inferior ; ae, aorta omadalis, 


the future lesser curvature (ke); 

the former, along which the mesogastrium is attached, is the greater 
curvature (ge). 

, The portion of the tube which follows the stomach has become 
folded, in consequence of its great increase in length. From the 
pylorus the intestinal tube (de) at first runs backward (dorsad] for 
a short distance until it is close to the vertebral column, makes a 
sharp bend here, and then describes a large loop, the convexity of 
which is directed forward [ventrad] and downward [caudad] toward 
the navel. The loop consists of two nearly parallel arms (d' and a?) 


‘ 
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near each other, between which is stretched the mesentery 
(ms), which is likewise drawn out with the loop, One arm (d) lies 
in front and is directed backward, the other (a?) lies behind it and 
runs upward, to be again bent near the vertebral column; thence, 
supported by a narrow mesentery, it pursues a straight course (1) 
backward to the anus. The transition from the first to the second 
arm, or the apex of the loop, is imbedided in an excavation in the 
fatal end of the umbilical cord, and it is there in communication 
with the umbilical vesicle by means of the vitelline duct (@*), now 
in process of degenoration, At some distance from the origin of 
the vitelline duct there is to be seen in the second arm of the loop 
a small enlargement and evagination (d*). This is afterwards de- 
veloped into the cwcum, and it therefore indicates the important 
boundary between the small and large intestine. 

Tn consequence of these first foldings four regions of the intestine 
can be distinguished even now; these are more sharply separated 
later. The short portion, running from the stomach to the back- 
bone and provided with a small mesentery, becomes the duodentm 
(du); the anterior [ventral], descending arm (d'), together with the 
bend in the loop, furnishes the small intestine ; the posterior [dorsal], 
ascending arm is developed into the colon (#), and thé terminal 
part, embracing the last bend, into the sigmoid flexure and the 
rectum (7), 

In embryos of the third and following months there occur, in eon- 
nection with a further increase in length, important changes in the 
position of the stomach and the intestinal loops. 

The stomach undergoes a double twisting, about two different axes, 
and thereby early acquires a form and position (figs. 165 4 and B) 
which correspond approximately to the permanent condition, First 
its longitudinal axis, which unites cardia and pylorus and is in the 
beginning parallel with the vertebral column, takes an oblique and 
finally an almost transverse ‘Position, in conseynence of a rotation 
around the dorso-ventral axis. Thereby the cardia moves to the left 
half of the body and downwards, but the pylorus more to the mght 
side and somewhat higher. Secondly, at the same time the stomach 
experiences a torsion around its longitudinal axis, by which the 
originally loft side becomes the front [ventral] and the right the back 
{dorsal}. Consequently the greater curvature comes to lie below 
[posterior], the lesser above [anterior]. The terminal part of the 
esophagus is also affected by the torsion; it undergoes a spiral 
twisting, hy which its left side becomes the front. 
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‘The embryonic processes of growth in the case of the alimentary tubo shed 
sight on the asymmetrical position of the two nervi vagi, which pass through 
the diaphragm, the left on the front side of the aesophagna to be distributed 
to the front side of the stomach, the right on the back side of the esophagus 
to the corresponding surface of the stomach, If we imagine the process of 
torsion in case of the cesophagus and stomach to be reversod, the symmetry in 
the course and distribution of the vagi will be completely restored, 


The torsion of the stomach naturally exercises a great influence on 
the mesogastrium, and, as Jon, MUttex was the first toshow clearly, 
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‘Fig. 164,—Diagram of the development of the human alimentary eanal and its mesentery. 

A, eazliee, By later stage, 

gh, Greater omentum, which is developed from the memogastriam (fg. 164 mg), ‘The arrow 
Indicates the entrance to the omentum (bares omentalix). ge, Greater curvature of the 
stomach ; yg, dactas choledochus: ae, ducdenunm ; mer, mnesenterian ; me, mesooolon | 
ald, exoal) intestine ; 4i, large intestine (colon) ; med, reetam ; dy, vitalline duct ; Md, ceecana ; 
wf, appendix vermiformis; &, pleco where the loops of the intestine cross each other. ‘The 
colon with its meocolon cross the duodenum, 


initiates the development of the greater omentum (omentum majus). 
As long as the stomach has a vertical position, its mesentery is a 
vertical lamella, which stretches from the vertebral column (fig. 164) 
directly to the greater curvature, that is still directed backward 
{dorsad]. But in consequence of the torsion it becomes greatly 
stretched and enlarged, because its attachment to the stomach must 
follow all the displacements of that organ, From its origin at the 
vertebral column, it therefore now betakes itself to the left and 
downward to become attached to the groater curvature of the 
stomach ; it assumes a shape and position of which the reader will 
easily form a correct idea if he mentally combines the diagram of 
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fig. 165 with the cross section shown in fig. 166. In this way there 
is formed a cavity (bursa omentalis, fig. 166 **), separated from the 
rest of the body-cavity, which has its opening turned toward the 
right, whose front wall is formed by the stomach and whoso back and 
lower veall is formod by the mesogastrium (ga',gn®). In the diagram- 
matic figures 165 4 and 8 the entrance to the bursa is indicated by 
the direction of the arrows, 


‘The bursa omentalis (fig. 166 **) moroover acquires a still greater extension 
from the fact that the liver (f)has by this time grown into a largo gland, and is 
united to the lesser curvature of the stomach by means of the lesser omentum 

(an), the development of which 
‘we shall treat of later, There- 
fore the bursa does not open, 
asin the diagram (fig. 168), in 
which the liver with its liga~ 
ments is omitted, at once into 
the common body-cavity at the 
lesser curvatare of the stomach, 
but first into an ante-chamber 
(theatrium dwrae omentalis),or 
the lesser omental pocket, whioh 
lies behind the lesser omentum 
(hn) and the liver (7). 


ing around its place of at- 

tachment in the lumbar 

region than the stomach 

docs. The descending 

* Atrium and evvity of the greater omentumn. and the ascending arms 

at first lie side by side. 

‘Then the latter, which becomes the colon (fig, 165), lays itself obliquely 

over [ventral to] the former, and crosses the beginning of the small 

intestine (k) traneversely. Both parts, but especially the small in- 

testine, continue from the end of the second month to increase rapidly 

in length and to take on a folded condition. Meanwhile the initial 

part of the colon, or the eacum (fig. 165 4 bid), which exhibits even 
in the third month a curved, sickle-shaped, vermiform appendage, , 

comes to lie wholly on the right side of the body up under the — 

liver; from here it runs in a transverse direction across [ventral 

to] the duodenum under [eaudad of] the stomach to the region of 

the spleen, then bends sharply about (flexura coli lienalis) and 
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descends to the left pelvic region, where it is continued into the 
sigmoid flexure and rectum. Therefore there are distinguishable in 
the colon, even in the third month, the ewcum, the transverse and 
the descending colon. An ascending colon is still wanting. It is 
formed in the succeeding months (fig. 165 B) by the gradual sinking 
down of the ccum, which was at first under the liver, until in the 
sevonth month it is below the right kidney, and from the eighth 
month onward descends past tho crest of the ilium, 

Meanwhile tho cocwm has increased in length and toward the 
end of pregnancy is a rather large appendage at the place of tran- 
sition from the small to the largo intestine. It early exhibits a 
want of uniformity in development (fig, 165 2 bid), The terminal 
part, which often embraces more than half its longth, does not keep 
pace in its growth with the more rapidly enlarging proximal portion; 
the former is designated as the appendix vermiformiés, the latter as the 
cacum, At the time of birth the vermiform appendage is still not 
so sharply differentiated from the cwcum as it is a few years later, 
when it has been converted into an appendage of the size of a gooss- 
quill and 6 to 8 em. long. 

Within the region embraced by the bends of the large intestine, 
the small intestine, which is derived from the descending arm of 
the loop, is disposed in more and more numerous folds owing to 
its extensive growth in length (fig. 165 2). 

At first all regions of the intestine from the stomach onward are 
80 united to the lumbar region of the vertebral column by means of 
& common mesentery (mesenterium commune) that they can move 
freely (fig. 165 A and B). The mesentery is naturally influenced by 
the increase in the length of the intestine, inasmuch as its line of 
insertion on the intestine exceeds in length many times the line of 
origin at the vertebral column (radix mesentorii), and is thereby laid 
into folds like « frill, Such an arrangement of the mesentery ix 
found to be the permanent condition in many Mammals, as in the 
Dog, the Cat, ete. 

But in the case of Man, from the fourth month onward, the 
arrangement of the mesentery is much more complicated. There 
occur changes which may be briefly characterised as processes of 
Jusion and concrescence of certain portions of the mesenterial lamella 
with contiguous parts of the peritoneum, either of the posterior wall 
of the body-cavity, or of neighboring organs. They affect the 
mesentery of the duodenum and colon, which is always present in 
the first half of embryonic development. 
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‘The duodenum, describing the well-known horseshoe-shaped curve, 
applies its mesentery, in which the beginning of the pancreas is en- 
closed, broadly to the posterior wall of the body, and fuses throughout 
its whole extent with the peritoneum of the latter; from being 
‘a movable it has become an immovable portion of the intestine 
(fig. 167 du). 

The large intestine (figs. 165 and 167 A and B ct) still possesses in 
the third month a very broad suspensorium arising from the vertebral 
column, which is nothing else than a part of the common mesentery 


Fig. 167 A B_—Two diagrams to illustrate the development of the bursa omentalis, 

A, earlier, B, later 

‘vf, Diaphragm ; f, liver; », pancreas; mg, stomach; ge, ite greater curvature; dy, duodenum ¢ 
df, wmall intestine; cf, colon tranrrenum ; *, bars omentalit: tx, loser omentum > 
gn", posterior (doreal] lamelis of the greater omentum, arising from the vertebral column ; 
px", anterior (ventral) lamella of the same, mitached to the greater eurvatare of the sternact 
(och; ge’, the part of the omentum which hax grown over the «mall intestine; ga*, the 
part of the omentum which enclose the pancreas ; mei, mawntery of the aniall inteatine ; 
‘nu, mesocolon of the transveme colon, 


of the intestine, but which has received the special designation of 
mesocolon (mse). In consequence of the previously described twisting 
of the primitive loop of the intestine, not only the colon trans- 
versum, but also the considerable mesocolon belonging to it, has been 
drawn transversely across the end of the duodenum; for a certain 
dlistance it fases with the latter and with the posterior wall of the 
body, thereby noquires a new secondary line of attachment (fig. 167 
mao) ranning from right to left, and thus appears as a part that has 
become detached from the common mesentery. The colon transversum 
(ct) with its mesocolon (msc) now divides the body-cavity into an 
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upper [anterior] part, which contains the stomach, liver, duodenum, 
and pancreas, and a lower part, holding the small intestine. 

‘Thus embryology explains the striking condition of the duodenum, 
which, in order to pass from the upper to the lower space and to 
become continuows with the small intestine, passes underneath [dorsal 
to] the transversely outstretched mesocolon (figs. 165 and 167 dv). 

Also in the case of the suspensorium of the eacum, and of the 
ascending and descending arms of the colon, there occurs a more or 
less extensive concrescence with the peritoneum of the wall of the 
trunk, Therefore in the adult the parts of tho intestine named 
sometimes lie with their posterior wall broadly in contact with the 
body-wall ; sometimes they are supported by a broader or narrower 
mesentery. 

There still remain to be described the important changes of the 
bursa omentalis, the development of which during the first months of 
embryonic life we have already (p. 299) become acquainted with. 
The bursa is distinguished, first, by a very considerable growth, 
and, secondly, by the fact that it fuses with neighboring organs at 
various places, In the beginning it reaches only to the greater 
curvature of the stomach (figs. 165, 166), to which it is attached ; 
buteven from the third month onward it enlarges and lays itself over 
[ventral to] the viscera which lie below the stomach, at first over the 
transverse colon (fig, 167 A gn', gn®), then over the whole of the 
small intestine (fig. 167 A gn*). The bursa consists, as far as it has 
extended downwards, of two lamellm, which lie close to each other, 
separated by only a very narrow space, and are continuous at their 
lower margin. Of these the more superficial, the one which is nearer 
to the ventral wall of the belly, is attached to the greater curvature 
of the stomach (gc); the posterior [dorsal] lamella, which lies upon 
the intestines, is originally attached to the vertebral column and here 
encloses the main part of the pancreas (figs. 167 A p and 166 p), In 
the case of many Mammals (Dog) the bursa omentalis remains in 
this condition. In Man it begins as early as the fourth month 
to undergo fusions (fig. 167 3). On the left side of the body the 
posterior lamella reposes on the posterior wall of the body over a 
large extent of surface, and fuses with it (gn*), so that its line of 
attachment to the vertebral column moves laterad up to the origin 
of the diaphragm (lig. phrenico-lienale). Farther down it glides over 
the upper [anterior] surface of the mesocolon (msc) and over the 
transverse colon (ct); it becomes fused with both of them, with the 
former as early as the fourth embryonic month. At the time of 
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birth tho two lumollw of the portion of the bursa which has grown 
over the intestines are, as in many Mammals, separated by a narrow 
fissure (fig. 167 B gn*); during the first and second years after birth 
they ordinarily fuse into a single lamella in which fat is deposited. 


TE. Development of the Separate Organs of the Alimentary Tube. 

‘The simple growth in length, to which is to be referred the for- 
mation of the convolutions just described, is only one and cartainly 
not the chief means by which the inner surface of the intestine is 
increased. Tho latter acquires a much greater addition from the 
fact that the inner, originally smooth epithelial layer, which is 
derived from the entoblast of the germ, forms evaginations and 
invaginations. By invaginations toward the cavity of the intestine 
there arise numerous folds, small papillw and villi, which give to the 
mucous membrane at most places a velvety structure; by evagina- 
tions toward the outer surface of the tube there are developed 
various kinds of larger and smaller glands. 

By this simple device, the formation of folds,—the great importance 
of which in the determination of form in animals was particularly 
set forth in Chapter IV. of Part 1.,—the mucous mombrane acquires 
to a much greater extent the ability : (1) to secrete digestive fluids, 
and (2) to absorb the nutritive substances that are mechanically and 
chemically prepared in the intestine, and to transfer them into the 
body-fluids. 

T discuss the numerous organs which are produced by the process 
of folding according to the regions into which the intestinal tube is 
divided, beginning with the organs of the oral cavity. 


A, The Organs of the Oral Cavity : Tongue, Salivary Glands, and Teeth. 


(1) The Tongue arises, according to the investigations of His upon 
human embryos, out of an anterior and a posterior fundament 
(tig. 168), 

‘The anterior fundament appears very early as an wipaired oleva- 
tion (tuberculum impar, His) on the floor of the oral cavity in the 
apace surrounded by the mandibular ridges. It grows a good deal 
in width, and its anterior margin projects free over the mandible, 
thns forming the body and tip of the tongue, ven as early as the 
beginning of the third month some papille make their appearance 
on it (His, KOuurner). 

‘The posterior fundament produces the root of the tongue, which, 
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although free from papille, is richly provided with follicular glands. 
It is developed out of two ridges in the region where the second and 
third visceral arches come together in the median plane. Tho 
anterior and posterior fundaments unite in a V-shaped furrow, 
the arms of which diverge in front. The cireumvallate papille are 
formed on the body of the tongue along this furrow, which persists 
for a long time. Where the two arms of the V meet thore is a deep 
pit, the foramen ewcam, which His has brought into connection with 
the origin of the thyroid glands, which will soon be discussed. 

(2) The Salivary Glands are demonstrable even in the second 
month. The fundament of the submaxillary appears first in human 
embryos at the sixth week 
(Curevitz), afterwards the 
parotid in the eighth week, 
and finally the sublingual. 

(3) From a morphological 
point of view, the Teeth can 
well be designated as the most 
interesting structures of the 
oral cavity. Their develop- 
ment in Man and Mammals 
is accomplished in a manner 
which is neither simplo nor 7% 16+ Tonmve of 5 human embers abou we 
easily intelligible; in the “ Memehliohe Emivryunen.” 
lower Vertebrates, on the con- 
trary, it is simpler, and for that reason I shall make use of the latter 
as the starting-point of the deseription. 

‘The teeth, which in Mammals are attached to the edges of the jaws 
and only bound the entrance to the alimentary tubo, possess in tho 
lower Vertebrates a very wide distribution. For in many species they 
not only cover the roof and the floor of the oral cavity and the inner 
surface of the branchial arches in immense numbors, as palatal, 
lingual, and pharyngeal teeth, but they are also distributed in close-set 
rows over the whole surface of the skin, and produce, as in the 
Selachians, a strong and at the samo time flexible coat of mail. 

The fecth are originally nothing else than ossified papille of the skin 
anal the mucous membrane, upon the contiguous surfaces of which they 
are formed, Tho development of the dermal teeth in Selachians shows 
this in a very convincing manner. 

In young Shark embryos, by a proliferation on the part of the sub- 
epithelial cells, there are developed on the otherwise smooth surface 

20 
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cf the dermis, which comes from the embryonic mesenchyme, small 
papillae of numerous cells (fig. 169 sp), and these penetrate 
into the thick overlying epidermis. The latter also undergoce 
changes on its part, which are directed toward the formation of the 
tooth ; for those of its cells which immediately cover the papilla 
grow out into very long cylindrical forms, and produce an organ the 
fanction of which is to secrete enamel, the so-called enamel-membrane 
(fig. 169 em). By means of further growth the whole fundament 


Fig 160,—Very young fundament of « dermal tooth (a placoid scale) of » Selachian embryo. 
@ Doutal papilla § sa, eoamel-miewbrane, 


next assumes a form which corresponds to the future hard structure 
(Gg. 170). 

Then the process of ossification begins. There is secreted by the 
most superficial cells of the papilla (0), the odontoblaetlayer (mem- 
brana eboris), a thin layer of dentine (5), which rests upon the 
papilla liken cap. At the same time the enamel-membrane (#m) 
heging its secretive activity, and ‘conta the outer surface of the 
dentinal cap (sb) with a firm, thin layer of enamel (). ‘The body of 
the tooth is developed and becomes ever firmer and larger by the 
subsequent continual deposition of new layers on the first-formed 
ones,—on the dentinal cap new dentine from within through tho 
activity of the odontoblasts; on the coating of enamel new layers of 
enamel from without, through the action of the enamel-membrane, 
‘Thus tho structure projects more and more above the level of the 
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skin, and the tip of the tooth finally breaks through the epidermal 
covering. The tooth then acquires a still firmer attachment in the 
dermis from the fact that, at the surface where the lower margin of 
the dentine oveurs, salts of lime are deposited in the superficial layers 
of the connective tissue (JA), and thus a kind of connective-tissue 
bone, the ceméentim of the tooth, is produced. 

‘The finished tooth therefore is constructed out of three calcified 
tissues, which arise from three separate fundaments. The dentine 


Fig. 170.—Longitudinal seotion through an older fundament of & dermal tooth of » Selachian 
embryo. 
4: Bpldeemis; ¢, the deepest layer of epidermal calla, which are cublcal ; seh, rimoous cella; 


layer of the dermis ; op, dental papilla ; 0, odontoblasts ; ob, dentine ; 4, enann 

wean brane, 
takes its origin from the odontoblast-layer of the dental papilla (mesen- 
chyme), the enamel from the epithelial enamel-membrane (outer germ: 
layer), and the cementum from convective tissue in the vicinity by 
meane of direct ossification. The finished tooth has, moreover, 
within it a cavity, which is filled with a vascular connective tissue 
(pulp), the remnant of the papilla. When the enamel-membrane 
has fulfilled its office it porishes, for in the process of secretion its 
cols become shorter and shorter, and are finally reduced to flat seales, 
which are afterwards thrown off. 

In Selachians the formation of the teeth which occupy the edges 
of the jaws and serve for the comminution of the food differs from 
this simple process in one important point; they take their origin, 
not on the free surface of the mucous membrane, but in its 
dopths (fig. 171). The epithelial tract of the oral mucous membrana 
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which shares in the formation of teeth has sunk deep down in the form 
of a ridge (21) on the tnner surface of the jusw-arches, into the wnder- 
dying loove connective tissue, and now represents a apecial organ, 
distinguishable from its surrowndings. This important difference is 
produced by the fact that in the development of the teeth of the jaws 
more active processés of growth take place, first because these teeth 
‘are much larger than the dermal tooth, and, secondly, because they 
are more rapidly worn ont and must consequently be more rapidly 
replaced by supplementary teeth, As we have often had the oppor- 
tunity of observing in the study of the production of morphological 
conditions in animals generally, portions of epithelial membranes that 


moe mph > 


‘ig, 171.—Croas section through the lower jaw of « Selachinn embryo with fundasrents of teeth, 
#, Mandibular cartilage ; of, dental ridge ; op, dental papilla ; 2, dentioe; 4, enamel ; os, enamel- 
etmtrane ; 6, connective-timus part of the mucous membrane, 


grow more rmpidly than their surroundings emerge from the latter 
and become folded either outward or inward. 

‘The process of the formation of teeth is the same on the dental ridge 
itself ax upon the free surface of the ekin, There are developed on ita 
outer side, which is turned toward the cartilage of the jaw (&), 
numerous papille (sp), lying alongside of and behind one another, 
which grow into tho invaginated epithelium just as the dermal 
papillw grow into the epidermis. Thus there arise in the depths of 
the mucous membrane several rows of teeth, of which the most 
superficial anticipate in development those which lio deeper; the 
former are the first to break through the mucous membrane, to 
become functional, and, after having been worn out, to be cast off; 
they are also the first to be supplanted by reserve teeth, which lio 
behind them, and, developing somewhat later, are consequently 
younger, 
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‘Whereas in the Selachians, as well as in the lower Vertebrates 
generally, the replacement of teeth by new ones is throughout life an 
unlimited process, since new papille are continually being formed 
in the depths of the dental ridge (polyphyodont), it is in the higher 
Vertebrates more limited, and in most Mammals occurs only once, 
There are formed on the ridge two fundamenta (Aiphyodont), one behind 
the other, one for the milk-tecth and a second for the permanent teeth. 

In the case of Man the development of the teeth begin as early ae 
the second month of embryonic life. A ridge (21) (the enamel-germ of 
older authors) grows from the epithelium of the oral cavity both 
on the maxillary and mandibular arches—as it also does in other 
mammalian embryos (fig. 290)—into the richly cellular embryonic 
connective tissue. The region from which this growth into the 
depths takes place (fig. 172 A and B) is marked exteriorly by a 
groove, which rans parallel to the arch of the jaw, the so-called 
dental groove (xf), The head of the human embryo represented in 
figure 259 shows this groove at a little distance behind the fundament 
of the upper lip. 

Ab first the dental ridge is uniformly thin and separated from its 
surroundings by a smooth surface, There is nothing to be seen as 
yet of the separate fundaments of the teeth. Then the epithelial 
cells on the side of the ridge which is directed outwards begin at 
certain places to grow and to produce at regular intervals from one 
another as many thickenings as there are to be teeth (fig. 172 4). 
In Man, who has twenty milk-teeth, the number of these is ten 
in ench jaw. The thickenings now assume a flask-shaped form 
(fig. 172 B), and gradually detach themselves from the outer surface 
of the epithelial ridge (sf), except at the neck of the flask, which 
remains in connection with it ata little distance from its deep edge. 
Because these epithelial growths have relation to the secretion of 
enamel, they have received the name of enamel-organs. 

Tn the meantime the connective tissue has taken its first steps 
toward the formation of the tooth (fig. 172 4 and Z), At the bottom 
of each flask the connective-tissue cells exhibit active growth, and 
give rise to a papilla (2p) corresponding in form to the future tooth, 
As the papille of the dermal teeth grow into the epidermis, so this 
papilla grows into the enamel-organ, which is thereby made to take 
‘the form of a cap. 

Then the special layers from which the formation of dentine and 
enamel proceed are differentiated in both fundaments so far as these 
are in mutual contact. At the surface of the papilla (fig. 172 B sp) 


310 EMBRYOLOGY. 


the cells assume spindle-shaped forms and group themselves into a 
kind of epithelial layer, the layer of thé dentine-forming célls (mem- 
brana eboris). On the part of the cap-like enamel-organ the cells of 
the deepest layer, which is in immediate contact with the papilla, are 
converted into very long cylinders and constitute tho enamel-mem- 
brane (sm, membrana adamantine). ‘The latter becomes gradually 
thinner toward the base of the papilla, where it is continued as a 
layer of more cubical elements (se), which forms the boundary at the 
surface of the cap separating it from the surrounding connective 
tissue, Between these two cell-layers (the inner and the outer 
epithelium of Kéruxex) the remaining epithelial cells of the enamel- 
organ undergo a peculiar metamorphosis, and produce a kind of 
gelatinous tissue, the enamel-pulp (ep) ; they secrete betwoon them 


‘Pig. 178 AB. Two stages in the development of the teeth of Mammals. Diagrammatic 

Dental groove ; sf, duntal ridge ; 4, deepest. part of the dental ridge, eu whieh are terrmmt 
Aho fuodaiwents of the eupplementary texth ; ap, dewtal papilis; om, coamelcuem brane; 
4p, ename.quilp; a, outer epithelium of the eniamelorgan ; 2, dental me; &, buny alveotns, 


fluid rich in mucus and albumen, and become themselves converted 
into stellate cells, which are united to one another by their processes, 
and thus form a fine network, The enamel-pulp is most highly 
developed in the fifth or sixth month, and then diminishes up to the 
time of birth in the same ratio as the teeth increase in size. 

‘The connective tissue immediately enveloping the whole fandament 
acquires numerous blood-vessels, from which branches also make their 
way into the papilla ; it becomes somewhat differentiated from the 
surrounding tissue, and is distinguished as dental auc (fig. 172 B ss). 

‘The soft fundaments of the teeth enlarge up to the fifth month of 
embryonic life, and at the same time acquire the particular forms of 
the teeth which are to arise from them—those of the incisors, the 
canines, and molars, Then the process of ossification begins (fig. 173) 
in the same manner as in the dermal teeth. A cap of dentine (eb) is 
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formed by the odontoblasts (0), or dentinal cells ; this cap at the samo 
time acquires a coating of enamel (2) from the enamel-membrano 
(om) ; then there are continually deposited on the first layers new 
ones, until the crown of the tooth is completed. Under pressure of 
the latter the enamel-pulp (sp) atrophies, and forms only a thin 
covering to the tooth at birth. The papilla (sp) is converted into a 
mass of connective tissue containing blood-vessels (g) and nerves, and 
fills the cavity of 
the tooth as the so- 
called pulp. The 
larger the whole 
structure becomes, 
the more it raises 
up the tissue of 
the gum, which 
covers the edge of 
the jaw, and 
causes it to be- 
come — gradually 
thinner. Finally, 
it breaks through 
the gum soon after 
birth, and at the 
same time casts 
off from its sur- 
face the atrophied 
remnant of the 
enamel-organ. 

‘The time has Fig. 178—Section through the fundament of the tooth of a young 
nowcomeinwhich 4, pony alveolus of the tooth; mp, dental papilla; y, blood veme 
the third hard sub- 6 odontoblast-Inyer (membrana eborls); 0, dewtives 4, enamel ; 
stance of the tooth ‘sm, eDam@el-membrane ; , dental aac ; ry, enmmol-pulp, 
is formed, the cementum that envelops the root. So far as the 
dentine has received no coating of enamel, the bounding con- 
nective tissue of the dental suc (24) begins, after the eruption of the 
teeth, to ossify and to produce a genuine bone-tissue with numerous 
Suanrey’s fibres; this bony tissue contributes to the firmer union of 
the root of the tooth with its connective-tissue surroundings. 

The eruption of the teeth ordinarily takes place with a certain degree 
of uniformity in the second half of the first year after birth, First 
the inner incisors of the lower jaw break through in the sixth to the 
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eighth months; then in the course of a few weeks those of the upper 
jaw follow. The outer [lateral] incisors appear during the period 
between the seventh and ninth months, those of the lower jaw, again, 
somewhat earlier than those of the upper jaw. The front molars 
usually appear at the beginning of the second year, those of the lower 
jaw first; then the gap thus loft in the two rows of teeth is filled by 
the eruption of the canine or eye:teeth in the middle of the second 
year, Finally, the eruption of the 
duck molars, which may be delayed 

into the third year, takes place, 
The fundamente of the reserve teeth 
make their appearance at the side of 
those of the milk-tecth at an extra- 
ordinarily early poriod. ‘They also 
take their origin from the epithelial 
ridge. As was proviously (fig. 172 
A und B) stated, the ridge extends 
still deeper (2/') into the underlying 
tissue from the place where the 
enamel-organs of the milk-teeth 
have been differentiated from it 
and whore they remain united to 
¥Y, Dentad furrow ; sl, dental ridge ; &, Mie eA * OSs, 
"Nour alveclms cf the taths hemos, the neck. Here in a short time 
by means of which the euamelorgn there in appear near the edge of 
ofthe mat tovt ig omnected withthe, eee (ag 17 daa nash pits 
shaped epithelial growths and dental 
papille, which lie on the inner 
t median] side of the dental sacs of 
ee emitedh. In atitaca Gane 
are developed at the ends of the 
opitholial ridges, in both the right and left halves of the jaw, the 
emamel-organs of the posterior grinders (the molar teeth of tho 
permanent set), which are not subject to replacement, but are 
formed once for all, The ossification of the second generation of 
teeth begins a little time before birth with the first Innge molars, 
and is followed in the first and second years after birth by that of 
the incisors, canines, ete. As a result in the sixth year there are in 
both jaws forty-eight ossified teeth,—twenty milk-teeth and twenty- 
eight permanent crowns,—as well as four fundaments of wisdom 

teeth, which are still cellular, 
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‘The shedding of the teeth ordinarily begins in the seventh year. It 
is initiated by tho disorganisation and absorption of the roots of the 
milk-tecth, under the pressure of the growing new generation. One 
finds here exactly the «ime appearances as in the atrophy of osseous 
tissue, concerning which we have the thorough investigations of 
Kotrixen. There arise on the roots of the teeth the well-known 
pits of Howsinr, in which large, multinuclear cells, the osteoclasts or 
bone-destroyers, are imbedded. The crowns are loosened by surren- 
dering their union with the deeper connective-tissue layers. Finally, 
when the permanent teeth, owing to the growth of their roots, push 
forth out of the alveoli, the crowns of the milk-teeth are thereby 
raised up and fall off. 

The permanent teeth generally appear in the followiny order : at 
first, in the seventh year, the first [front] molars; a year later the 
middle incisors of the lower jaw, which are followed a little later by 
those of the upper jaw; in the ninth year the lateral incisors are 
cut, in the tenth year the first premolars, in the eleventh year the 
second premolars. Then in the twelfth and thirteenth years the 
canines and the second molars come through, The eruption of the 
third molars, or wisdom teeth, is subject to great variation : it may 
take place in the soventeenth year, but it may be delayed till the 
thirtieth. Occasionally the wisdom teoth never attain » complete 
development, so that they aro never cut, 


B. The Organs arising from the Pharynz : Thymus, Thyroid Gland, 
Larynx, and Lung. 


Whereas in the water-breathing Vertebrates the visceral clefts 
remain throughout life and subserve respiration, they are completely 
closed in all Amniota os well as in a part of the Amphib'a. The 
only exception is in the case of the first cleft, lying between the man- 
dibular and the hyoid arches, which is converted inte the drum of the 
ear (tympanum) and the Evsracntan tube, and thus enters into the 
service of the organ of hearing, in connection with which it will 
subsequently engage our attention, 

However, the remaining viscoral clefts do not disappear without 
leaving any trace, From certain epithelial tracts of these there 
arises an organ of tho neck-region which functionally is still proble- 
matic, the thymus, the morphology of which has been very essentially 
aulvanced during-the last few years. 


34 EMBRYOLOGY. 


(1) The Thymus 

has been for several years a favorite object of embryological investiga~ 
tion, since the time when Kinuixen 
made the interesting discovery that 
in mammalian embryce it takes 
its origin from the epithelium of a 
visceral cleft. This discovery has 
since then teen corroborated, and 
‘at the same time extended; for alko 
in such animals as persistently 
breathe by means of gills the 
thymus is developed out of epi- 
thelial tracts of the open and func- 

tionally active gill-clefts, 
Let us first examine the original 
condition as exhibited by Fishes. 
As stated by Downy, Mavren, and 
bx Mrvunox, the thymus (th) of the 
Selachians (fig. 175) and the Bony 
Fishes has a multiple origin and is 
derived from separate solid epithelial 
growths, which take place at the 
dorsal ends of all the gill-clefts, and, 
indeed, to a greater extent on the anterior than on the posterior ones. 


a 


at 
‘Fig. 176.—Two dingrams (ventral aspect] of the development of the thysius, the thyruid gland 
‘and the seorssory thyroid glands, and their relations te the visceral peckets im @ Lizard 
embryo (4) and s Chick embryo (B), afer pt Mevnox, 
48’, ach*, Plevt and second viaoeral pockets ; ef, thyroid gland ; mnt, sooemory Whyrobh grand 5 
1, fundament of thymus, 


Tn the Bony Fishes the separate fundaments at an early period, even 
before they have detached themselves from their mattix, fuse together 
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into « spindle-shaped organ lying 
above the insertion of the gill-arches, 
which subsequently becomos inde- 
pendent, just as it does in Selachians, 
The originally epithelial product ac- 
quires a peculiar histological char- 
acter from being penotrated by 
ingrowths of connective-tissue ele- 
ments. In the first place lymph- 
colls in great quantities migrate in 
between the epithelial cella, in a 
manner similar to that described by 
Siti as of frequent occurrence in 
the territory of mucous membranes, 
Secondly, the epithelial growth is 
traversed in all directions and cut 
up into small portions by connective 
tissue, in which lymplh-follicles are 
formed. The thymus thereby ac- 
quires the appearance of a lymphoid 
organ, in which the epithelial rem- 
nants are still in part preserved, 
but only in the form of very small 
spherical portions, ax the corpuscles 
of Hassacn, At a still later stago 
of development there arise in the 
organ irregular cavities filled with 
molecular granules. These are 
caused by the disintegration of 
lymph-cells and the molting down 
of the reticular connective tise, 
which takes place here and there. 

Tn the higher, air-breathing Ver- 
tebrates the thymus is derived either 
from the epithelium of two or three 
clefts or only from the epithelium 
of the third visceral clott, which 
becomes closed. The former is the 
caso with Reptiles (Gg. 176 A th) 
and Birds (fig. 176 B th), the latter 
with Mammals. In Reptiles and 





Fig. 17 


—Semidiagrammatio Lustea- 
‘tions to show the ultimate position of 
‘thymus, thyroid gland, and accessory 

gland on the neck of the 
Lizard (4), the Ohiok (8), and the 
Calf (0), after ox Merwxon. 





Thyme; te, teahes; A, hears; 
‘yena Jagulatis ; ¢0, carotid rein. 
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Birds the two fundaments fuse early upon either side of the trachea 
into a longish tract of tissue, which in the former is shorter 
(fig. 177 A), but in the latter very much elongated (fig. 177 B). 

In Mammals it is principally the third viscoral cleft which con- 
tributes to the formation of the thymus, According to Konticen, 
Boxx, and Rant this is the only one which comes into considora- 

tion, whereas px Maunox, Kastscuenxo, and 
His give an account which differs from this, 
but only in minor dotails. 

‘The further changes of the fundament of the 
thymus in Mammals and in Man may be briefly 
summarised as follows. The thymuseac, which 
probably takes its origin from the third visceral 
pocket, encloses only a very narrow cavity, but 
possesses a thick wall composed of many elon- 
gated epithelial cells (fig. 178). It then grows 
downward toward the pericardium, and at the 
posterior end begins to form, like a botryoidal 
gland, numerous rounded lateral branches (¢). 
(Kirues.) These are from the beginning of 
their formation solid, whereas the saclike part 
(a), which occupies the neck-region, always 
continues to exhibit a narrow cavity. 

The budding continues for a long time, and 
meanwhile extends to the opposite end of the 
originally simple glandular sac, until the whole 
organ has assumed the lobed structure peculiar 
to it, At the same time an histological meta- 
morphosis is also taking place. Lymphoid 
connective tissue and blood-vessels grow into 
the thick epithelial walls and gradually destroy 
the appearance which 80 resembles a botryoidal 
gland. With the increase in the size of the 
organ the lymphoid elements coming from the 

surrounding tissue predominate more and more; the epithelial rem- 
nants are finally to be found only in the concentric bodies of Hassan, 
as Maurer has shown for Bony Fishes and as His has undoubtedly 
rightly inferred for Mon and Mammal, The cavity originally present 
and resulting from the invagination disappears, and instead of it 
there arise new irregular cavities, probably the result of a breaking 
down of the tissue, 
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The further history of the thymus in Man permits the recognition 
of two periods, one of progressive and one of regressive development. 

The first period extends into the second year after birth. The 
thymus of the right side and that of the left move in their growth 
close together into the median plane and hore fuse into an unpaired, 
lobed organ, whos double origin is to be recognised only by the fact 
that the organ is ordinarily composed of lateral halves separated by 
connective tissue. It lies in front of [ventral to] the pericardium and 
the large blood-vessols beneath the breastbone, and is often elongated 
into two horns which extend upwards to the thyroid gland. 

‘The second period exhibits the organ undergoing regressive mota- 
morphosis, which usually leads to its total disappearance, the par- 
ticulars of which can be learned from the text-books of Histology. 


(2) The Thyroid Glanct 


is found on the anterior surface of the neck, and appears to be 
developed in almost all classes of Vertebrates in a tolerably uniform, 
typical manner from an unpaired and a paired evagination of the 
pharyngeal epithelium. We must therefore distinguish unpaired and 
paired fundaments of the thyroid gland. 

The unpaired fendament has been longest known. There is not 
a single class of Vertebrates in which it is wanting, as has been 
established especially by the investigations of W. Mtnieen, It 
appears to be an organ of very ancient origin, which shows relation- 
ship to the hypobranchial furrow of Amphioxus and the Tunicates. 


Dons has oppasod this hypothesis and has expressed the view, which is also 
shared by others, but which lacks proof, that the thyroid gland is the remnant 
of a lost gill-cleft of the Vertebrates, 


The unpaired thyroid gland arises as a small evagination of the 
epithelium of the front wall of the throat in the median plane and 
in the vicinity of the second visceral arch. Then it detaches itself 
completely from its place of origin, and is converted either into 
solid spheroidal body (Selachians, Teleosts, Amphibia, etc.) or into an 
epithelial vesicle having a small cavity (Birds, Mammals, Man, etc.) 
The vesicle subsequently loses its cavity, 


In Man the development of the unpaired part of the thyrold gland is related 
to the formation of the root of the tongue, as Hrs states in his investigations 
of haman embryos. The previously described ridges lying on the floor of the 
throat-cavity in the vicinity of the second and third visceral arches, which unite 
in the median plane to form the root of the tongue, surround a deep depression, 


which is the equivalent of the eragination of the pharyngeal epithelium in the 
remaining Vertebrates, By the further approximation of the ridges the depres- 
sion becomes an epithelial anc, which remains for a long time in communication 
ae ee eet geen ee ae aes 


‘The paired fundamente of the thyroid gland were discovered » few 
years ago by Sriepa in mammalian embryos, but they have been 
more fully investigated by Bony, His, Kasrscuenko, pe Mrvxoy, 
and others in Mammals and other Vertebrates (excepting Cyclo 
stomes). In the Amphibia, as well as in Birds and Mammals 
(fig. 176 B), there are formed, a little while after the appearance of 
the unpaired fundament, two hollow ‘evaginations of the ventral 
epithelium of the throat behind the Isst visceral arch and in con- 
nection with the last visceral cleft. They come to lie immediately on 
either side of the entrance to the larynx, In many Reptiles (tig. 176 
A nad) there is an interesting deviation due to the fact that an 
evagination is developed only on the left side of the body, while on 
the right it has become rudimentary. Even in the Selachians 
(fig. 175), a5 pe Meuron appears rightly to maintain, paired 
fundaments of thyroid glands are present. They are the previously 
mentioned supra-pericardial bodies discovered by v. Bemmeves. These 
arise as evaginations of the epithelium of the throat behind the last 
pair of gill-clefts near the anterior end of the heart. In all cases 
the evaginated portions of the epithelium become detached from 
their parent tissue and enclosed on all sides by connective tissue; 
they then undergo a metamorphosis similar to that of the unpaired 
fundament of the thyroid gland, 

In régard to their ultimate position there exist considerable 
differences between the separate classes of Vertebrates. In the 
Selachians the supra-pericardial bodies remain far away from the 
unpaired thyroid gland, being located in the vicinity of the heart; 
but in the other Vertebrates they move more or less close to the 
gland, and have here acquired the name of accessory thyroid glands 
(fig. 177 A and B ned), Finally, in Mammals and Man the approxi~ 
mation has led to a complete fusion of the unpaired and the lateral, 
paired fondaments (fig. 177 C). Together they constitute a horse~ 
shoe-shaped body that embraces the larynx. It is, however, to be 
observed, that at tle time of their fusion the lateral fundaments, 
in comparison with the median one, are only very small nodules. 
Consequently Kastscnexxo, who is probably in the right, aseribes to 
the former an inconsiderable importance for the devcloprrent of the 
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whole mass of the thyroid gland, whereas Hix maintains that they 
become in Man tho voluminous lateral lobes, and that the unpaired 
fundament becomes the small middle part of the organ. 

‘The further development of the thyroid gland is accomptished 
in a very similar manner in all Vertebrates, Two stages are 
distinguishable. 

During the first stage the whole fandament grows out into 
numerous cylindrical cords, which in turn push out lateral buds 
(fig. 179). By the union of these with one another there is formed a 
network, into the interstices of which are distributed branches of the 
Dlood-vessels 
together with 
embryonic con- 
nective tissue. 
In the case of 


this atage of de- 
velopment on 
the ninth day 
of incubation, 
in the Rabbit 
embryo when Pig, 17%.—Right half of the thyroid gland of an embryo Pig 21 Smm. 
it is about six Tong, erown-rump meaaurement,* aftor Bonx. Maguitied 80 
teen days old, the isteral (C5) and wodlan (305) thyroid lands are in proces of 
in Man in the fusion, g, Blood-rewals tr, trachen, 

second month. 

During the second stage the network of epithelial cords is resolved 
into the characteristic follicles of the thyroid gland. ‘The cords 
Acquire a narrow lumen, around which the cylindrical cells are 
regularly arranged. Then there are formed on the cords at short 
intervals enlargements, which are separated by slight constric- 
tions (fig, 180). By tho deepening of the constrictions the 
whole network is finally subdivided into numerous, small, hollow 
epithelial vesicles or follicles, which are separated from one another 





* [The elevation caused by the mid-brain may be called the apex or crown 
(Scheitel). In later stages the distance betwoen crown and rump is greater 
than that between neck and rump, bence the measurement ts made from the 
crown. Compare foot-note, p. 283.) 


by highly vascular embryonic tissue. Subsequently the follicles 
increase in size, especially in the case of Man ; this results from the 
epithelial cells secreting a considerable quantity of colloid substance 
into the cavity, 


A fow further details concerning the thyroid gland of Man, for which we are 

indebted to Hire, may be of interest, First, it is to be noted that the lateral 

fundaments are considerably more voluminous than the middle part, and that 
‘the future fundamental form of the ongan is thus from the beginning pre~ 

determined, Secondly, some rare anatomical conditions (Hrs) pagent 

by the development, suck a4 the ductus lingualis, the dactus thyroidens, and 

the glandula euprabyoldea and prehyoidea, As was previously stated, the 

unpaired fundament of the thyroid gland is connected with the root of the 

tongve by means of the ductas thyreoglossus, When the thyroid gland moves 

from its place of origin farther 

down, this duct becomes elon- 

ated into @ narrow epithelial 

Passage, whose external orifice 

remains permanently visible as 

the foramen cacum at the base 

of the tongue. The remaining 

part usually undergoes degene- 

ration, but occasionally some 

parts of it also persist. Thus 

‘the foramen coxcum is some~ 

times elongated into a canal 

(ductus lingualis) 2} om, long, 

‘that leads to thé body of the 

hyoid bone, Tn other instances 

“, spapianpnigne tie the gland; uf glandulsr the middle part of the thyroid 

process of formation; 6, latentitisl piand is prolonged upward in 

couioetire thaaue ith Diced vemete (g). he'forni of » born eich 

continued as a tube (ductas 

thyroideus) to the byold bone. Finally, according to Hts, the glandular vesicles 

now and then to be observed in the vicinity of the hyoid bone—the accessory 

thyrold glands, as well as the glandola supra- and pree-hyoidea—are to be 

interpreted as remnants of the ductus thyreoglossus. 


(3) Luny and Larywe, 


The lung with its outlet (larynx and trachea) is developed, like 
‘a lobed gland, out of the csophagus in a tolorably uniform manner, 
as it appears, for all amniotic Vertebrates. Immotiately behind the 
‘unpaired fundament of the thyroid gland (fig. 181 Se) there arises on 
the ventral side of the asophagus a groove (Ak), which is slightly 
enlarged nt its proximal end. It is to be soon in tho Chick at the 
beginning of the third day, in the Rabbit on the tenth day after 
fertilisation, and in the human embryo when it is 3-2 mm. long. 
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Soon the groove-like evaginntion becomes separated from the over- 
lying portion of the alimentary tube by two lateral ridges; this 
furnishes the first indication of a differentiation into asophagus and 
trachea (fig. 181). ‘Then there grow out from the enlarged posterior 
ends of the groove (figs. 181, 163) two small sucs (27) toward the two 
sides of the body (in the Chick in the middle of the third day), the 
fundaments of the right 
andleftlung. Enveloped 
in « thick layer of em- 
bryonic connective 
tissue, they aro in im- 
mediate contact bebind 
with the fundament of 
the heart; laterally they 
project into the anterior 
fissure-like prolongation 
of the body -cavity. 
With this the essential 
parts of the respiratory 
apparatus are estab- 
lished; at this stage 
in amniotic Vertebrates 
thoy resemble the simple 
suclike structures which 
the lungs of Amphibia 
present permanently, 
In the further course 


of development the fun- Fig. 181 —Alimentary tube of a human embryo (i of Hix) 
‘Summ. long, neck measurement. Frot His," Monach- 

damente of trachea and taeRutoenes Sitenited 2 dames 

esophagus, which com- AY, Bazmer’s pouch ; Uk, ronmtest Bf, Ugroid gland ; 
Ch, chords domatis; X%, entrance to the larynx; 








municato by means of a &y, lung; My, stomach ; P, pancress; Lbg, primitive 
fissure, become separated bepatia duct; De, vivelline duct etalk of the intestine); 

aS “i Alf, allantoio duct ; WW, Woltian duct, with kidney 
by a constriction which duct (ureter) budding out of It ; 8, bur pelvis 


begins behind, where the 

pulmonary sics have budded out, and gradually moves forward. The 
constricting off is here interrupted at the placo which becomes the 
entrance to the larynx. The latter is distinguishable in the case of 
‘Man at the end of the fifth week as an enlargement at the beginning 
of the fundament of the trachea. It acquires its cartilages in the 
eighth or ninth week. Of these the thyroid cartilage arises, according 
to the comparative-anatomical investigations of Donors, from a fusion 

21 
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of the fourth and fifth visceral arches, whereas the crieoid and ary- 
tencid cartilages, as well ns the half-rings of the trachea, are 
independent chondrifications in the mucous membrane. 
‘Two stages are recognisable in the metamorphosis of the primitive 
lung-sacs of Man and Mammals. 
The first staye begins with the élongation of the sac, which is 
attenuated at its origin from the trachea, but is enlarged at its 
opposite or free end, At the same time—in Man from the end of 
the first month (His)—it pushes out, in the manner of an alveolar 
gland, hollow evaginations, which grow out into the thick connective- 
tissue envelope and enlarge at their ends into little sacs. The first 
bud-like outgrowths on the two sides of the body are not symmetrical 
(fig. 182), because the left. dieng-2suc produces tino, the right three bud-like 
enlargements. An im- 
portant feature of the 
architecture of the lungs 
is thus established from 
the beginning, namely, 
the differentiation of the 
right Tung into. three 

7 my semen olen chit ob, and of the 
left into two. 

i ‘The further budding 
into which the epithelial fundainentaf the lung grow, is distinetly dichotomous 
iow of the Tht lungs 0% Dy fundamen of te (88-183). Te takes placer 
upper and lower lobes of the deft hung. in the following way: 

each terminal vesicle 
(primitive lung-vesicle), which is at first spheroidal, becomes flattened 
and indented on the wall (/6) which lies opposite its attachment, 
‘Thus it becomes divided; as it were, into two new pulinonary vesicles, 
each of which is then differentiated into a long stalk (lateral bronchus) 
and a spherical enlargement. Inasmuch as such « process of budding 
‘is kopt up fora Jong time,—in Man until the sixth month,—there arises 
4 complicated system of canals, the bronchial tree, which opens into- 
the trachea by means of a single main bronchial tube from either 
side of the body, and the ultimate branches of which, becoming finer 
and finer, terminate in flaskshaped enlargements, the primitive 
lung-vesicles. The latter are at first confined to the surface of the 
lung, while the system of canals occupies its interior. 

During this budding the lungs as they increase in volume 
continue to grow downwards into the thoracic cavities, and thereby” 
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come to lie more and more at the right and left of the heart. With 
their ingrowth into the cavities of the chest (fig. 314 47h), they push 
before them the serous lining of the latter, and thus acquire their 
wr covering (the pleura pulmonalis, or the visceral layer of the 
pleura). 

During the second stage the organ, which up to this time has the 
typical structure of a botryoidal gland, assumes the characteristic 
pulmonary structure. The metamorphosis begins in Man, as 
Ké.urcer states, in the sixth month, and comes to a close in the 
last month of pregnancy, There now arise close together on the 
fine terminal tu- 
bules of the bron- 4» — 
chial tree, on the 
alveolar passages, 
and on their ter- 
minal vesicular 
enlargements, 
very numerous = ¢ 
small evagina- 
tions, But in dis- 
tinction from the 9 
earlier ones, these 
arenotconstricted pig 145 view of a reconstruction of the fundament of the lunge 
off from their ‘of & human embrye ( of His) older than that of fig. 182, 


so After Hit, Magnified 50 
source of origin, 4p, areris pulmoualis; fr, triches ; 2p, sophagas; 0 pulmonary 





but communicate veriole in proces of division ; 0, upper lobe of the right lung 
with an eparteria! bronchus leading to it; M,C, midile and 

with the latter lower lobes of the right lung; 0', appar lobe of the left lung 

by means of wide with byparteria! bronchus leading 10 it; U', lower lobe of the 
left lung. 


orifices, and thus 
constitute the air-celle or pulmonary alveoli, Thoir size is only a 
third or fourth as great in the embryo as in the adult; from this 
Koutiker concludes that the increase in the volume of the lung 
from birth up to complete development of the body is to be attributed 
exclusively to the enlargement of the vesicular elements which oxist 
in the embryo. 

Tho epithelial lining of the lung is variously modified in different 
regions during development. In the whole bronchial tree the 
epithelial cells increase in height, acquire in part a cylindrical, in 
part a cubical form, and from the fourth month onward (K6ntiKER) 
have their free surfaces covered with cilia, In the air-sacs, on the 
contrary, the cells, which are arranged in a single layer, become 
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more and more flattened, and in tho adult become so thin that 
formerly the presence of an epithelial covering was wholly denied, 
Then they assume a condition similar to that of endothelial cells; 
as in the case of the latter, their boundaries are demonstrable only 
after treatment with a weak solution of silver nitrate. 


C. The Glands of the Small Intestine: Liver and Pancreas. 
(1) The Liver. 

In the section which treats of the liver we must enter upon a dis- 

cussion not only of the development of the parenchyma of the gland, 
but also of the various hepatic ligaments—the 
lesser omentum, the ligamentum suspensorium, 
ete.; in fact, we must begin with tho latter 
because they are developed out of a structure— 
a ventral mesentery—which is ontogenetically 
older than the liver itself. In view of the 
manner in which the body-cavity arises, as a 
pair of cavities, such a structure ought to be 
found along the whole length of the ventral 
side of the alimentary canal in the same manner 
as on its dorsal side. Instead of that, it is found 
only at the anterior region of the alimentary 
canal, along a tract which extends from the 
throat to the end of the duodenum, 

This ventral mesentery acquires a special 
significance, because several important organs 
take their origin in it; in front, the heart, 
together with the vessels that bring the blood 
back to it—the terminal parts of the vene 
omphalomesenterice and of the yena umbili- 

calis; immediately behind the latter, the liver with its outlet and 
its blood-vessels, 

The part which, during an early stage of development, encloses the 
heart is culled mesocardium anterius and posteriue ; we shall return 
to it later in considering tho development of that organ. Tho 
portion (fig. 184) which joins this behind [candad] has been hitherto 
Jess regarded by embryologists, Sinco it stretches from the lessor 
curvature of the stomach and the duodenum (du) to the anterior 
[ventral] wall of the trunk, it may be espocially designated as tho 
ventral gastric and duodenal mesentery, or, under @ more compre- 








‘Pig, 185.—Crous section through the anterior part of the trunk of an embryo of Seyllium, attat 
Barrow. 

‘etween the doreal and ventral walls of the body, where the attachment of the stalk of the yolk» 
‘aac fa cut, there is stretched & broad mesentery which contains numerous cells and completely 
divides the body-cavity into a right and a left half. The duodenum (su), lying in the 
mesantery, i twice cut through : dormilly {t gives rise to the fandament of the pancreas 
(gan), ventrally to that of the liver (hp). Purther, the place where the vitelline duct 
(we) etmerges from the duodenum is to be soon. 4p.c, Neural tube (spinal oon); 4.9, 
‘ganglion of posterior root ; ar, anterior root ; an, dormlly directed nerve springing feom 
osterior root; mp, mascleplate; ep’, part of museleplate already converted Into musel 
imp.t, part of rauscie-plate which given rise to the muscles of the limba; nl, nerrus lateral 
08, aorta ; ch, chords ; ay.g, aympathetle gangtion ; ea,r, cardinal vein ; «.%, spinal na 
Af, segmental duct (duct of primitive kidney); af, segmental tube (pronophrie tubule). 
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hensive title, as ventral alimentary mesentery (ld + ls). Tt has 
‘been described by Kéuutker on sections of Rabbit embryos as féver- 
ridge (Leberwulst), and by His in his “Anatomie menschlicher 
Embryonen” a8 preliepaticus (Vorleber); it has the form of a mass 
of tissue rich in cells, which inserts itself between the wall of the 
belly and the regions of the intestine previoudy mentioned. In 
cross sections through human and mammalian embryos there are 
encountered in it the eapacious ven omphalomesenterioew. As far 
as a mesocardium and a mesogastrium anterius are developed in 
Vertebrates, the body-cavity appears even subsequently as a paired 
structure. 

‘The cross section through a Selachian embryo (fig. 185) shows this 
distinctly. The duodenum (du) is enclosed in the connective-tissue 
mesentery, which reaches from the aorta (ao) to the front [ventral] 
wall of the trunk; dorsally the pancreas (pan) is budded forth from 
its wall, ventrally the liver (Ap). 

‘The liver begins to be developed very early in the ventral mo- 
sentery (liver-ridge or prehepaticus), and in this exhibits, as will 
appear later, two modifications, which are, however, unessential ; for 
sometimes it appears in the form of a single, sometimes as a paired 
evagination of the epithelial lining of the ventral wall of the duo- 
denum, 

The first is the case, for example, in the Amphibia and Selachii. 
In Bombinator (fig. 159), as Goerre has shown, the liver arises as a 
broad ventrally directed evagination of the intestine, which lies im- 
mediately in front of the accumulation of yolk-material. Tho liver 
remains permanently in this simplest form in the case of Amphioxus 
laniceolatus, in which it is located immediately behind the gill-region 
as an appendage of the intestinal canal, 

Tn the case of Birds and Mammals, on the contrary, tho fanda- 
ment of the liver is from the beginnis 
since the investigations of Restax, in the ease of the Chick (fig. 186) 
on the third day of incubation, two saca (/) grow out of the ventral 
wall of the duodenum immediately behind the spindle-shaped 
stomach (St). They grow into the broad cell-mass of the ventral 
mesogastrium (the Leberwulst), one passing forward to the left, the 
other backward to the right, and thereby embrace from above the 
vena omphalomesenterica on its way to the heart. The process in 
Mammals is somewhat different, According to the observations of 
Koutrxen in the case of the Rabbit, the primitive hepatic tube of 
the left side is forme] in the embryo of ten days, to which a right 
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duct is added in the course of another day. Also in the case of 
human embryos 4 mm. long His demonstrated that at first there ix 
only « single hepatic duct, and that some time afterwards « second 
appears (fig. 163 Lbg). 

Tn the further course of development both the unpaired and the 
paired hepatic fundaments are metamorphosed quite rapidly into 
a tubular gland with numerous branches; this acquires a special 
character, differing from that of simple tubular glands, owing to 
the fact that the tubes early become joined together to form o fino 
network, since the primitive hepatic tubes send out numerous 
Interal buds, which in some Vertebrates 
(Amphibia, Selachii) are from the be- 
ginning hollow, in others (Birds, Mam- 
mals, Man) solid. Imbedded in the 
embryonic connective substance of the 
ventral mesogastrium, they grow out in 
the former case into hollow tubes, in 
the latter into solid cylinders, These 
in turn are soon covered with corre- 
sponding lateral processes, and so on. 
Tnasmuch as theso grow toward one 
anothor,and where they meot (fig. 187 fe) 
fuse, there arises a close network of 
hollow glandular canals or solid hepatic 
cylinders in the common connective- 
tismue matrix, 

Simultaneously with the epithelial 
network there is formed in its meshes se beiennt apa tn, 
a network of blood-vessels (g). From itive. ae 
the vena omphalomesenterica, which, 
as previously stated, is embraced by the two hepatic tubes, there 
grow out numerous shoots, and these by forming lateral branches 
unite with one another in a manner corresponding to that of the 
hepatic cylinders, 

‘The liver of the Chick is found to be in this condition on the sixth 
day. It has become even now a rather voluminous organ, and is 
composed, us in the case of Mammals and Man, of two equally 
large lobes, each of which has arisen from one of the two primitive 
hepatic ducts by budding. The two lobes produce on the ventral 
mesentery two ridges, one of which projects into the left body-cavity 
and one into the right (fig. 184). 
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A further increase in the size of the liver is due to the fact that 
from the hepatic cylinders united into a network new lateral 
branches grow forth and undergo anastomosis, whereby new meshes 
are being continually formed. 

Herewith the essential parts of the liver are present in the fun- 
dament: (1) the secretory liver-cells and the bile-duets, (2) the 
peritoneal covering and the suspensory apparatus, both of which are 


Fig. 187.—Bection through the fundament of the liver of a Chick on the sixth day of iseubation, 
Slightly enlarged, 

le, Network of hepatic cylinders ; fe, hepatic cylinder cut croswise ; 9, blood-vowels ; gre, wall 
‘of the blood-vemel (endotheliuin); Ot, blocd-<corpascles ; Wf, peritoneal covering of the liver, 


derived from the ventral mesentery, The changes in those parte 
which lead to the permanent condition are now to be considered. 

The epithelium of the ducts and the secretory liver-parenchyma 
are derived from the two hepatic tubes and from the network of 
hepatic cylinders,—products of the entoblast, 

‘The parts of the two primitive liver-tubes firat formed become the 
right and left ductus hepatici. In Birds and Mammals these open 
at first, as we have seen, into the duodenum close together; then at 
their place of entrance there is formed a emall evagination of the 
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duodenum, which receives the two ductus hepatici. The evagination 
gradually increases to a long single canal, the bile-duct or ductus 
choledochus, the result of which process is that the whole liver is 
farther removed from its source of origin. 

By an evagination either of the ductus choledochus or of one of 
the two ductus hepatici, the gall-biadder with its ductus cysticus is 
established. In Man it arises from the ductus choledochus, and is 
present as early as the second month. 

The network of hepatic cylinders, which are sometimes hollow, 
sometimes solid, is metamorphosed in two ways. 

One part becomes the exeretory ducts (the ductus biliferi). In 
the cases in which the hepatic cylinders are at first solid, they begin 
to become hollow and to arrange their cells into a cubical or cylin: 
drical epithelium around the lumen. In this process some of the 
branches of the network must degenerate. For, wherens all hepatic 
cylinders at first communicate with one another by means of anas- 
tomoses, this is, as KOtLiken remarks, no longer the case in the 
adult, except at the outlet of the liver (Leberpforte), where the 
well-known network of bile-ducts exists. 

‘The remaining part of the network furnishes the secretory paren- 
ehyma of livercells. The character of a netlike tubular gland, 
which becomes so evident during development, is to be recognised 
oven in the fully developed organ in the cass of the lower Verte- 
brates, the Amphibia and Reptiles, The tubules of tho gland, 
which were from the beginning hollow, subsequently exhibit an 
exceedingly narrow lumen, which is demonstrable only by means of 
artificial injection, and which in cross section is surrounded by three 
to five liver-cells. Through their manifold anastomoses they produce 
anextraordinarily fine network, the small meshes of which are filled 
up by a network of capillary blood-vessels, together with a very small 
amount of connective substance. 

In tho higher Vertebrates (Birds, Mammals, Man) the tubular 
structure of the gland subsequently becomes very inconspicuous and 
the liver acquires a complicated structure, information concerning 
the details of which is given in the text-books of histology, 


‘There are three things which, from a developmental point of view, are not to 
be lost sight of; rst, the capillaries of the bile-duct have arisen by canalisa- 
tion of the primitive hepatic cylinders; secondly, they are bounded by only 
two Hver-colls, which are very large and flake-like; thirdly, they send out 
evaginations between and even into the liver-cells themsolves, In this way 
greater complication is brought about in the arrangement of the fino biliary 


in a ventral mesentery (the Vorleber), 
Owing to the fact that the two hepatic 
saca grow out from the duodenum 
into this ventral mesentery, and by 
continual branching produce the right 
and the left lobes of the liver (figs. 184, 
185, and 188), the ventral mesentery 
becomes divided into three portions : 
first, a middle part, which furnishes 
the peritoneal covering for both lobes 
of the liver; secondly, a ligament which 
proceeds from the front convex surface 
of the liver in a sagittal direction to the 
ventral wall of the body, extending ax 
far as the navel and embracing in its 
froe margin the subsequently disappearing umbilical vein (ligamentum 
suspensorium and teres hopatis, figs, 184, 188 le); and thirdly, a lign- 
ment which process from the opposite, concave or portal surface of 
the liver to the duodenum an lessor curvature of the stomach, 
and which contains the ductus hus and the afferent hepatic 
blood-vessels (omentum minus, which is divided into the li 
hepato-gastricum and hepato-duodenale). (Figs. 184 id and 188 ku.) 
‘The lesser omentum or omentin minus soon loses its original 
sagittal position and is stretched out into a thin mombrane running 
from right to left (fig. 166 ku); this is due to the fact that the 
stomach undergoes the previously described displacement, and moves 
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into the left half of the peritoneal cavity, whereas the liver grows ont 
into the right balf more than into the left. In consequence of the 
formation of the liver and the lesser omentum, the greater omentum, 
produced by the torsion of the stomach, receives an addition, which 
isdesignated as its antechamber (atrium burse omentalix). For there 
comes to be associated with the greater omentum that part of the 
body-cavity which lies behind the liver and lesser omentum, and which 
in the adult possesses, as is well known, only a narrow entrance (the 
foramen of Wixstow) lying below the ligamentum hepato-duodenale, 

Concerning the development of the coronary ligament, see a subsequent part 
which treats of the diaphragm. ; 

As far as regards the conditions of form and size which the liver 
presents up to the time of birth, there are two points which are 
worthy of nttention ; first, the liver early acquires a very extra- 
orlinary size; secondly, its two lobes aro developed at first quite 
symmetrically. In the third month it nearly fills the whole body- 
cavity ; its free sharp margin—on which a deep incision between the 
‘two lobes is olxervable—reaches down almost to the inguinal region, 
leaving here only a small space free, in which, upon opening the body- 
cavity, loops of the small intestine are to be seen. It ix a very vas- 
cular organ, for a great part of the blood returning from the placenta 
to the heart passes through it. At this timo the secretion of bile 
‘begins, although only to a slight extent. ‘This increases in the second 
half of pregnancy. In consequence of this the intestine gradually 
becomes filled with a brownish-black mass, the meconium. This is 
a mixture of bile with mucus and detached epithelial cells of the 
intestine, to which is added amniotic water with flakes of epidermis 
and hairs that have been swallowed. After birth the meconium is 
accumulated in the large intestine, from which it is soon afterwards 
eliminated. 

In the second half of pregnancy the growth of the two lobes of 
the liver becomes unequal, and the left is surpassed more and more in 
size by the right. Boforo birth the lowor margin of the liver projects 
downward for some distance beyond the costal cartilages, almost to 
the umbilicus. After birth it diminishes rapidly in size and weight, 
in consequence of the change in the circulation produced by the pro- 
cess of respiration. For the stream of blood which during embryonic 
life has branched off from the umbilical vein into the liver now ceases. 
During the growth of the body the liver also increases in size still 
further, but Jess than the body taken as a whole, so that its relative 
weight is constat tly undergoing reduction. 
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(2) The Pancreas. 

The pancreas is developed in all Vertebrates—with the exception 
of o few in which it is wanting (Bony Fishes)—as an evagination on 
the dorsal side of the duodenum, usually opposite to the origin of the 
liver (figs. 162, 163, 186 p), Tn the Chick (fig. 186) the first fanda~ 
ment is distinguishable as early as the fourth day ; in Man it appears 
somewhat later than the primitive hepatic tube, and has been de- 
monstrated by His in embryos 8 mm. long as a small evagination 
(figs. 162 and 163). The sac, usually hollow, grows into the dorsal 
mesentery (figs. 184, 188 p) by giving off hollow, branching, lateral - 
outgrowths. 

In the caso of Man the pancreas is present as early as the sixth 
week in the form of an elongated gland (fig. 164 p), the freo ond of 
which has penetrated upward [cephalad] into the mesogastrium, 
and thus, midway between the greater curvature of the stomach and 
the vertebral column, it can movo freely, It is therefore com- 
pelled to share in the alteration of position which the stomach to- 
gether with its mesentery undergoes. In embryos of the sixth week 
its long axis still corresponds approximately with the longitudinal 
axis of the body. The free end then moves into the left half of 
the body-cavity, the whole organ being turned (fig. 166) until finally 
its long axis comes to lie in the transverse axis of the body, as in the 
adult. In this position its head is imbedded in the horseshoe-shaped 
curvature of the duodenum, whereas its tail reaches to the spleen and 
left kidney. 

Inasmuch as the pancreas in ita development has grown into the 
mesogastrium (figs, 164, 166, 188), it possesses in the first half 
of embryonic life, as Toupr has shown, a mesentery, on which it 
accomplishes the turning previously described. But at the fifth 
month this disappears. (Compare the diagrams fig. 167 A and Bp.) 
For as soon as the gland has taken its transverse position, it at- 
taches itself firmly to the posterior wall of the trunk and soon loses its 
freedom of motion, because its peritoneal covering and its mesentery 
become fused with the adjacent parts of the peritoneum (fig. 167 
B gn), In this manner the pancreas of Man, which was developed, 
like the liver, as an intraperitoneal organ, has become a so-called 
extraperitoneal organ, owing to a process of fusion between the 
serous surfaces that come in contact with each other, By means of 
this also the attachment of the mesogastriam is displaced from the 
vertebral column farther to the left, 
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Tt still remains to be mentioned, in regard to the outlet of the 
pancreas, that during development it is continually moving nearer 
to the ductus choledochus, and that finally it opens in common with 
the latter into the duodenum at the diverticulum of Vater. 


Suwrary. 
A, Orifices of the Alimentary Canal. 


1, The original orifice of the alimentary canal (resulting from the 
invagination of the inner germ-layer), the primitive mouth (blasto- 
pore), becomes closed later, owing to the circumcrescence of the 
medullary ridges, and furnishes temporarily an open communica- 
tion with the neural tube, the canalis neurentericus, 

2, The nenrenteric canal likewise disappears subsequently by the 
fusion of its walls. 

3. The alimentary tube acquires new openings to the outside 
(visceral clefts, mouth, anus) by the fusion of its walls with the 
body-wall at certain places, and by the regions of fusion then 
becoming thinner and rupturing, 

4, The visceral clefts arise on both sides of the future neck-region 
of the body, usually five or six pairs in the lower Vertebrates, four 
pairs in Birds, Mammals, and Man. (Formation of outer and inner 
throat-furrows ; breaking through of the closing plate.) 

5. In water-inhabiting Vertebrates the visceral clefts serve for 
branchial respiration (development of branchial lamellm by the for- 
mation of folds of the mucous membrane); in Reptiles, Birds, and 
Mammals they become closed and disappear, with tho exception of 
the upper part of the first fissure, which is employed in the develop- 
ment of the organ of hearing (external ear, tympanum, Eustachian 
tube). 

6. The mouth is developed at tho boad-end of the embryo by an 
unpaired invagination of the epidermis, which, as oral sinus, grows 
toward the blindly ending fore gut, and by the breaking through of 
the primitive pharyngeal membrane. (Primitive palatal velum.) 

7. The anus arises, in a manner similar to that of the mouth, on 
the ventral side at some distance in front of the posterior end of the 
body, so that the intestinal tube is continued for a certain distance 
beyond the anus toward the tail. 

8. The post-anal or caudal intestine, which at first stretches from 
the anus to the posterior end of the body (tailpart of the body), 
becomes rudimentary afterwards and wholly disappears, so that the 
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anus then marks the termination, as the mouth does the beginning, 
of the wlimentary canal. 


B. Separation of the Alimentary Tube and its Mesentery into 
Distinct Regions, 

1. The alimentary canal is originally a tube running straight from 
mouth to anus, near the middle of which the yolk-sac (umbilical 
vesicle) is attached by means of the vitelline duct (stalk of the 
intestine). 

2, The alimentary tube is attached throughout its whole length to 
the vertebral column by means of a narrow dorsal mesentery; it is 
also connected with the anterior wall of the trank, as far back as the 
umbilicus, by means of a ventral mesentery (mosocardium anterius 
and posterius, anterior [ventral] gastric and duodenal mesentery). 
(Vorleber.) 

3. At some distance behind the visceral clefts, the stomach arises 
asa spindle-shaped enlargement of the alimentary tube; its dorsal 
mesentery is designated as mesogustrium, 

4. The portion which follows the stomach grows more rapidly in 
length than the trunk, and therefore forms in the body-cavity a 
loop with an upper [anterior], descending narrower arm, which be~ 
comes the small intestine, and a lower [posterior], ascending more 
capacious arm, which produces the large intestine. 

5, The stomach takes on the form of a sac, and becomes so turned: 
that its long axis coincides with the transverse axis of the body, and 
that the line of attachment of the mesogastrium, or its greater 
curvature, which was at first dorsal, comes to lie below, cr caudad. 

6. The intestinal loop undergoes such a twisting that its lower, 
ascending arm (large intestine) is laid over [ventral to] the upper, 
descending arm (small intestine) from right to left, and crosses 
it near its origin from the stomach. 

7. The twisting of the intestinal Joop explains why in the 
adalt the duodenum, as it merges into the jejunum, passes under 
the transverse colon and through its mesocolon. (Crossing and 
crosséd parts of the intestine.) 

8. The lower arm of the loop, during and after its twisting and 
crossing of the upper arm, assumes tho form of a horseshoe and 
pormits one to distinguish the cacum, the colon ascendens, ¢. trans- 
yorsum, and c. descendens, 

9. Within the space bounded by the horseshoe, the upper arm 
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of the loop becomes folded to form the convolutions of the small 
intestine. 

10. The mesentery, which is at first uniform and common to the 
whole alimentary tube, becomes differentiated into separate regions, 
for it adapts itself to the folds and to the elongations of the ali- 
mentary tube, It is elongated and here and there undergoes fusion 
with the peritoneum of the body-cavity, by means of which it either 
acquires new points of attachment or in certain tracts wholly 
disappears ; some portions of the intestine are thus deprived of their 
mesentery. 

11. The mesentery of the duodenum, and in part also that of the 
colon ascendens and ¢, descendens, fuses with the wall of the body 
(extraperitoneal parts of the intestine). 

12, The mesentery of the colon transversum acquires a new line of 
attachment running from right to left, and becomes differentiated 
from the common mesentery as mesocolon, 

13, The mesogastrium of the stomach follows the torsions of the 
latter and is converted into the greater omentum, which grows out 
from the greater curvature of the stomach to cover over all the 
viscera lying below. 

14. Fusions of the walls of the omentum with adjacent serous 
membranes take place: (1) on the posterior wall of the body, in 
consequence of which the line of origin from the vertebral column is 
displaced to the left side of the body; (2) with the mesocolon and 
colon transversum ; (3) on the part of the sac which has overgrown 
the intestines, where its anterior and posterior walls come into close 
contact and fuso into an omental plate. 


C. Development of Special Organs out of the Walls of the 
Alimentary Tube. 


1, The surface of the alimentary tube increases in extent inward 
by means of folds and villi, and by glandular evaginations outward. 

2, There are developed, as organs of the oral cavity, the tongue, 
the salivary glands, and the teeth. 

3. The teeth, which in the higher Vertebrates are found only at 
the entrance of the mouth, are distributed in the lower Vertebrates 
(Selachians, ete.) over the whole of the cavity of the mouth and 
throat, and indeed as dermal teeth over the whole surface of the 
body. 
4. The dermal teeth are dermal pupille ossified in a peculiar 
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manner, in the development of which both the superficial layer of 
the corium ahd also the deepest cell-layer of the epidermis investing 
the latter are concerned. 

(a) The corium [dermis] produces the abundantly cellular dental 
papills, which secretes the dentine at its surface, where 
a layer of odontoblasts is formed. 

(0) The epidermis furnishes a layer of tall cylindrical cells, the 
enamel-membrane, which covers the dentine-cap with a 
thin layer of enamel. 

(¢) Tho base of the dentine-cap acquires a better attachment 
in the dermis from the fact that the latter becomes ossi- 
fied in its vicinity and furnishes the cementum. 

5. At the margins of the jaws the tooth-forming tract of the 
mucous membrane sinks down into the underlying tissue; there is 
first developed by « proliferation on the part of the epithelium a 
dental ridge, on which the teeth of the jaws arise in the same way 
that the dermal teeth do on the surface of the body. 

6, The development of a tooth takes place on the ridge in the 
following way: the epithelium grows more rapidly at one point, and 
® papilla of the connective-tissue part of the mucous membrane 
grows into this proliferated part or ¢namel-organ. The dental 
papilla forms the dentine, but the onamel-organ, doveloping an 
mmamel-membrano, secretes the enamel ; finally, the connective-tisme 
dental sac becomes ossified and furnishes the cementum. 

7. Beneath the milk-testh there are early formed in Mammals 
and Man, at the deep edge of the dental ridge, the fundaments of 
supplementary teeth, 

8, From the throat-region of the intestine there are developed 
thymus, thyroid gland, accessory thyroid gland, and lungs. 

9, The thymus arises by the thickening and peculiar metamorphosis 
of the epithelium of several pairs (Selachii, Teleostei, Amphibia, 
Reptilia), or of only one pair, of visceral clefts, 

(a) In Selachians and Teleosts there is a proliferation of 
epithelium at the dorsal ends of all the visceral clefts, 
which are penetrated by growths of connective tissue and 
blood-vessels. 

(0) In Mammals and Man there is formed from the third 
pair of visceral clefts a pair of epithelial thymus-sacs, 
which send out Jateral buds and become peculiarly 
altered histologically. 

(¢) Tn Man the two thymus-eacs are joined in the median 
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plane to an unpaired body, which begins to degenerate 
in the first years after birth. 

10. The thyroid gland is an unpaired organ, which arises in the 
region of the body of the byoid bone from either a hollow or a solid 
outgrowth of the epithelium in the floor of the pharyngeal cavity. 

(a) The epithelial rod detaches itself from its parental tissue 
and forms lateral rods. 

(b) At a later stage these epithelial cords become separated 
into small epithelial spheres, which secrete in their 
interiors colloid substance and are converted into 
wholly closed glandular sacs enveloped in highly vascular 
capsules of connective tissue, 

11. The accessory thyroid glands are paired and arise from evagi- 
nations of the epithelium of the last pair of visceral clefts, which 
undergo metamorphoses similar to those of the unpaired thyroid 

land, 
- 12. The accessory thyroid glands in most Vertebrates remain 
separated from the unpaired thyroid gland by a greater (Reptiles) 
or less (Birds) spaco, whereas in Mammals they appear to fuso with 
it to form a single body. 

13, The lung is developed out of the floor of the alimentary canao 
in the throat-region, behind the fandament of the unpaired thyroid 
gland. 

(a) A groovo-like evagination, which is constricted off from tho 
alimentary canal as far forward as its anterior end— 
the entrance to the larynx,—becomes larynx and wind- 


pipe. 

(6) From the posterior end of the groove there grow out two 
sacs, which acquire at their ends vosicular enlargements 
and constitute the fundamonts of the right and left 
bronchus, together with the corresponding lung. 

{c) The want of symmetry between the right and left lung 
is early exhibited, since the right sac provides itself 
with three vesicular lateral buds, the fandaments of the 
three lobes, whereas the left suc forms only two buds. 

(@) The further development of the lungs allows ono to dis- 
tinguish two stages, of which the first exhibits a great 
similarity to the development of an acinous gland. In 
the first stages the primitive pulmonary sacs increase in 
number by constrictions and at the same time become 
differentiated into a narrower conducting part, the 
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lwonchial tubes, and a broader vesicular terminal part. 
In the second stage the air-cells or pulmonary alveoli 
are formed. 

14, From the intestinal canal proper there are formed only two 
glands, which are large and developed from the duodenum—the 
liver and the pancreas, 

15. The liver is developed as a branched tubular glind which 
becomes a network. 

(a) There grow out from the duodenum into the ventral 
mesentery or prehepaticus (Vorleber) two liver-tubes, 
the fundaments of the left and right lobes of the liver. 

(6) The tubes form hollow or solid lateral branches, the 
hepatic cylinders, which ave united into a network and 
become in part bile-ducts, in part the secretory paren- 
chyma of the liver and biliary capillaries. 

(c) The ductus choledochns arises as an ovagination of the 
wall of the duodenum which receives the two hepatic 
tubes, and it forms at one place an evagination which 
becomes the gall-bladder and the cystic duct. 

16. From the ventral mesentery, into which the hepatic tubes 
grow, are derived the serous investment and a part of the ligamentous 
apparatus of the liver, namely, the lesser omentum (ligamentam 
hepato-gastricum and hepato-duodenale) and the ligamentum sus- 
pensorium hepatis. 

17. The pancreas grows from the duodenum into the dorsal 
mesentery and into the mesogastrium. 

18, The mesentery which the pancreas originally possesses subse- 
quently disappears by becoming fused with the posterior wall of the 
trunk; at the same time, in consequence of the twisting of the 
stomach, the long axis of the pancreatic gland comes to lie in 
the tra sverse axis of the body. 
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CHAPTER XV. 
THE ORGANS OF THE MIDDLE GERM-LAYER, 
Votusrary Muscunatrure, Uniany axp Sexvat Oncans. 


‘Tue organs which take their origin from the middle germ-layer 
stand in the closest genetic relation to the morphological products of 
the entoblast, For, as was stated in the first part of this work, the 
middle germ-layer is developed by a process of evagination from the 
inner gorm-layer, and is therefore, like the latter, an epithelial mem- 
brane, which serves as the boundary of a cavity, In view of its 
origin, is it remarkable that the organs arising from it are of a 
glandular nature, and such as produce excretions by means of genuine 
epithelial glandular cols 

In earlier times this phenomenon was the cause of a good deal 
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of difficulty, beeause since the time of Reta there had been an 
endeavor to bring the middle germ-layer ns a non-epithelial structure 
into contrast with the other germ-lnyers, Attempts were also made 
to explain this supposed contradiction by assuming that the glandular 
organs in question were derived, sometimes in one way, sometimes in 
another, from the outer germ-layer. With the acceptance of the 
calom-theory, however, the theoretical objections to the production 
of glands by the middle germ-layer have ceased to have any 
foundintion. 

Out of the middle germ-layer, or, otherwise expressed, out of the 
epithelial wall of the embryonic body-sacs, are developed—aside from 
the mesenchyme, concerning the source of which an oxtended account 
was given in the ninth chapter—three very different products : first 
the whole voluntary musculatare, secondly the urinary and sexual 
organs, thirdly the epithelial or endothelial linings of the large 
eerons cavities of the body. 


L The Development of the Volantary Musculature. 

‘The total, transversely striped, voluntary musculature, aside from 
& part of the muscles of the bead, arises from those parts of the 
middie germlayer which have been differentiated as primitive 
sogments, and with their appearance have effected the first primitive 
and most important segmentation of the vertebrate body. As has 
been previously stated, the segmentation affects the head as well as 
the trunk, so that trunk-segments and head-segments must be dis- 
tinguished. Since the latter are in many points distinguished in 
their origin and metamorphosis from the former, a separate descrip- 
tion of the two is fitting. T begin with the history of the metamor- 
phosis of tho primitive segments of the trunk, and treat of the samo 
first in Amphioxus and the Cyclostomcs, which furnish the simplest 
and most easily interpreted conditions, and then in the Amphibia, 
tod finally in the higher Vertebrates, 


Segments of the Trunk. 
In Amphioxus the p ‘primi noe (fig. 103 wah) are sacs, which 
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fnerease considerably in size, project far into the cavity of the 
primitive segment, and assume the form of plates ; these lie parallel 
to one another and to the longitudinal axis of the body; and one 
margin, which T shall designate as the base, is placed perpendicularly 
upon the surface of the chorda. Very early (in the stage with ten 
primitive segments) the cell-plates begin at their bases to be differ- 
entiated into transversely striped muscle-fibrillw, with which the 
embryos are already able to execute feeble contractions. By the 
continual addition of new fibrille to those which are formed at the 
surface of the chorda, and by an extension of the differentiation to 
both the surfaces of the’ cell-plates 
which are in contact with each other, 
there arise the transversely striped 
musele-layers (Muskelblitter) which 
are characteristic of the musculature 
of Amphioxus, These are attached 
to the chorda on the right and left 
like the leaves of a book. The more 
the fibrille increase in number, the 
more tho protoplasm of the forma: 
tive cells between them diminishes in 
amount and the more is the nucleus 
with a remnant of protoplasm forced 
toward that edgo of the cell which 
faces the cavity of the primitive 
segment. 

‘The remaining colls of the primitive 
segment are converted into a low pavement-epitheliam, which neither 
now nor later takes part in the formation of muscles. (Cutis-layer 
of Hatscnex.) 

Having arisen in the vicinity of the chorda, the muscle-layer in 
older animals spreads out both dorsally and ventrally, and thus 
furnishes the total voluminous musculature of the trank, which, like 
the collular primitive segments from which it is derived, is separated 
into successive portions (the myomeres). 

In general the Cyclostomes (fig. 190) agroo in the development of 
their muscles with Amphioxus. Here, as there, one must distinguish 
botweon an inner musclo-forming opitholial layer (mj), which bounds 
the chorda (Ch) and the neural tubo (.¥), and an outer indifferent 
epitholial Inyer (ae), which occupies the side toward the epidermis. 
‘The Intter (ae) consists of low flat cells, the former of very broad and 
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olongated plates (mt), which as in Amphioxus are arranged perpen- 
dicularly to the surface of the chorda and neural tube. Sinco in 
Petromyzon the primitive segments are destitute of cavities, the two 
epithelial layers lie immediately in contact, and are continuous with 
each other, both dorsally and ventrally, by means of transitional 
cells (WZ), in the same way that in the fundament of the lens its 
opithelium is continuons with the lens-ibres. Muscle-fibrillm (mf) 
are now differentiated on both the broad surfaces of the coll-plates. 
‘Thus arise musele-layers (Mus- 
kelblittter) which are perpen- 
dicular to the chorda. ‘These 
Jayers are each composed of 
two sheets of tho finest fibrillw, 
running parallel to one an- 
other, The two sheets are 
separated from each other by 
a delicate film of comenting 
substance; ono of them owes its 
existence to ono formative cell, 
the other to an adjacent cell. 
In older Jarve the primi- 
tive segments spread out both 
above and below; accom- 
panying this process there is 
a continual formation of new 
muscle-layers from the pro- 
viously mentioned cells (WZ). 
‘The upper and lower margins 
of tho primitive segments 
therefore constitute a zone 
of proliferation, by means of 
which the musculature of the 
trank is continually growing further dorsad and ventrad. 

At a Inter stage of development, in larve six weeks old (fig. 191), 
the muselo-layers are converted into Muskelhitetohen (b), as SCuNEIDER 
has named these peculiar definite structural elements of the Cyelo- 
stomes. The facing fibrille-shests of two adjacent layers (Blitter) 
unite with each other along their margins, Since these sheets have 
bean produced on the two sides of one cell-plate, each formative cell 
is now surrounded on all sides, as though with a mantle, by the 
fibrille which it has genuratod, 
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Finally, threo alterations of the Muskelkiistchen take place. The 
homogenous cementing substance, which was indicated during the 
first stage by only a fine line between the two fibrille-sheets of 
 muscle-layer, increases and produces the partition by means of 
which the individual Muskelkiistchen are separated from each other, 
and in which afterwards connective-tissue cells and blood-vessels aro 
also to be found. Secondly, the protoplasmic matrix of the formative 
cells is almost completely consumed in the continued production of 
numerous fine fibrille, which finally fill the whole interior of the Kiist- 
chen. One can now distinguish two different kinds of fibrilla—those 
that are centrally located, and those that are firmly attached to the 
partitions, Thirdly, there are to be found scattered between the 
fibrille numerous small nuclei, which pro- 
bably are descended from the original 
single nucleus of the formative cell by 
frequently repeated division. 

The development of the muscle-seg- 
ments takes place in the remaining Ver- 
tebrates in a somewhat different manner 
from that of Amphioxus and the Cyclo- 
stomes. For the study of this process 
the tailed Amphibia furnish the most 
instructive objects. In Triton (figs. 106, 
105 ushk) cach of the primitive segments 
contains a considerable cavity, which is balers tt ind es 
bounded on all sides by large cylindrical 
epithelial cells. In somewhat older embryos active cell-multiplication 
takes place in the part of the epithelium which is adjacent to the 
chorda and neural tube, and which, therefore, corresponds to the 
previously described muscleforming layer of Amphioxus and the 
Cyclostomes. By this growth the cavity of a primitive segment 
becomes entirely filled. At the same time the cells lose their original 
arrangement and form; they are converted into longitudinally ar- 
ranged cylinders, which correspond in length to @ primitive segment 
and are located by the side of and above one another on both sides of, 
and parallel to, the spinal cord and chorda dorsalis (fig. 192). Each 
cylinder, which in the beginning exhibits only a single nuclous (mk), 
becomes surrounded with a mantle of the finest transversely striped 
fibrille (mf); it is now comparable with a Muskelklistchen of the 
Cyclostomes (fig. 191). A series of further alterations also takes 
place in this instance as in the former. In older laryw there are 
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continually being formed more fibrillm (fig. 193), which gradually fill 
the interior portion of the eylinder. Only in the axis of tho latter 
‘are there places loft free, in which the small nuclei (mz) come to lie ; 
these, formed by division of the single mother-nuclens, increase 
considerably in number, Moreover, connective tissue with blood- 

between the muscle-fibres or the primitive 


Pig. Wa. Fig. 100, 
‘ig. 28.—Cross seetion through the musculature of the trunk ef « larva of Triton teniates 
‘baaye ald. | Moguitiot $00 diameters, 
mk, Nuclel of muscte-celle ; my, muscle-Bbrille owt cromwwine ; db, yolk-gratelon, 


di 
y, Primitive bundle of muscte-tbritie (Muskelprimitivbiadel) ; mf, muuscle-fibeilla eet eros! 
wise; wb, muclel of romscle cetle, 


we arrive at two propositions of importance concerning the origin of 
the musculature :— 

(1) In Vertebrates the elements of the musculature of the trunk are 
developed out of epithelial celle which are derived from a circumscribed 
territory of the epithelium of the body-cavity,—a territory that is con- 
atricted off from the latter to form the primitive segments. 

(2) The epithelial producte become surrounded and enveloped on all 
sides by connective tissue, just as do the glands and gland-ducts that 
dud forth from an epithelivm, 


A comparison with the condition and development of the musculature of some 
classes of Invertebrates Jeads to « still better comprehension of the above 
propositions. In most of the Conlenterates the muscular elements are components: 
of the epithelium, not only during their development, but also in the adult 
animal, so that the designation epithelio-muscular cells is suitable for them. 
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‘The characteristic feature of these consists in their being simple—sometimes 
cubical, sometimes cylindrical, sometimes thread-like—epithelial cells, the 
outer ends of which onlinarily reach the surface of the epithelium and are 
here provided with cilla, wherens their basal ends lic upon the sustertative 
lamella (8ttitzlamelle) of the body and are there differentiated into one or 
several either smooth or transvorsely striped muscle-fibrille, Inasmuch as the 
fibril of nomerous cells He parallel and clote to one another, musole-lamellar 
arise, by the activity of which the changes in the form of the body are 
produced. In Ciwlenterates both the outer and the inner germ-layers can 
dovelop muacle-cells, 

When one turns to the Vermes it is seen, in those groups in which a body- 
cavity (an enteroconl) Is formed by an infolding of the inner germ-layer, that 
the farietal wall of the body-cavity, or the parietal lamella of the middle 
germ-layer, has assumed the production of the entire musculature of the 
trunk. Here also, for example in the Chwtognaths, etc., the epithelial cells 
differentiate at thelr basal ends, which are directed toward the surface of 
the body, a lamella of musole-fibrillw, whereas their other ends bound the 
body-cavity. Tha from the lower to the higher animals the capability of 
producing muscles iz, with the progressive differentiation of the body, more anit 
‘more reatricted to a limited special territory of the total epithelial investment 
of the body. 

‘This process has proceeded furthest In the Vertebrates, for in them the 
musculature of the trunk ia no longer farnished by the whole parietal lamolla 
of the middle germ-lnyer, but by only n small detached part of it, the primitive 
segments, Consequently in Vertebrates the musculature spreads out from a 
small region where it originates, distributes iteelf first in the trank, and then 
from the latter grows out into the extremitics. 

In the Vertebrates we recognised two different forms of voluntary musculature, 
the musclo-layer (and the Maskelkiisteben derivable from it) and the primitive 
bundle (Muskelprimitivbtindel), Parallels to this are found in the Invorte- 
brates, both in Cerlenterates and in Worms. In Calenterates both forms arc 
derived from the primitive smoothly ovtspread meacle-lametla by the forma- 
tion of folds, and are to be explained in the same way as the formation of those 
folds which in epithelial lamelle play such an important part in the origin of 
tho most various organs, When certain tracts of a muscle-lamella are called 
upon to execute additional labor, this can be effected only by an increase 
in the number of the fibril lying parallel to one another. But a greater 
number of fibrillm can be brought into a circumscribed territory only in one or 
the other of two ways : either by their coming to lie in several layers one above 
another, or—if the more simple arrangement of lying side by side is to be 
retained—by the folding of the muscle-lamella. The folding exhibits two 
modifications. Sometimes there are produced parallel daughter-lamellm placod 
side by side and perpendicular to the mother-lamelle ; sometimes the folded 
lamellw become wholly detached from the parent-layer and converted into 
musole-cylinders, which imbed themselves in tho underlying sustentative 
lamella. 

With the conception here presented of the origin of the transversely striped 
muscle-fibres of Vertebrates, it must be assumed as very probable that 
subsequently an increase in their number will take place asa result of 
constriction and detachment into two parts, as was first maintained by 
WrIsstasy, 





In Amphioxus, the Cyclostomes, and tho Amphibia the most 
important function of the primitive segments is the production of the 
fondament of the transversely striped and voluntary muscalature. 
On the other hand it is not very evident that the primitive segments 
also share, in the manner previously (p, 172) described, in the deve- 


ek Ra ctacdae « 


wr, Neural tbe ; oA, cborda; a0, sorta; seb, sub: 
notochontal rod ; mp, murleplate of the 
primitive segment; , sone of growth, where 
the muacle-piate bends around into the cutie: 
Misia 7; wf, tit cansetiag Soe pebaliry 


from the median wall of the connecting tract 
685 i proceriroe; ml, salt, parietal and 
‘visceral middie Jayer, from whose walle 
suenonchiynie ie developed ; UA, Lody-cavity ; 
8, eoteblant. 


lopment of the mesenchyme; 
this is correlated with the fact 
that in gonoral the connective 
and sustentative substances 
play a slight réle in the con- 
struction of the bodies of the 
lower Vertebrates, and es- 
pecially during larval life are 
developed to only « very insig- 
nificant amount. 

‘This is altered in the Sela~ 
chians and the three higher 
classes of Vertebrates. Not 
only does the mesenchyme 
in the adult bodies of these 
attain a more voluminous 
development and a degree of 
differentiation that is in 
all directions more advanoed, 
bat it is also established 
varlier and likewise in greater 
abundance. Therefore the 
primitive segments here ex- 
hibit in their metamorphosis 
somewhat modified pheno- 
mena. At the same time 
with the differentiation of 
the muscular tissue, and in 
part even before that event, 
the development of mesen- 


chyme is observable. The primitive segment (fig. 194) in this case 
is differentiated from the start into two equally distinct fundaments, 
of which the one is designated as selerotome or skeletogonous layer 


(sk), tho other as musclo-plate (mp). 


While referring the reader to 


the ninth chapter, I add to the presentation given there a few 


further statements, 
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In the Selachians the skeletogenous layer, the origin of which has 
already been described, grows upward at the side of the chorda (fig. 
195 Vr). Outside of this layer ono finds the part of the primitive 
segment which serves for the formation of muscle. This consists of 
an inner layer (mp') and an outer layer (mp), which are separated 
from each other by the remnant of the cavity of the primitive segment 
(fig. 194 A). Tho inner layer (fg. 195 mp’) is in contact with the 
skelotogenous tissue (Vr), and is composed of numerous, superposed, 
spindle-shaped cells, which aro arranged longitudinally and give rise 
to transversely striped muscle-fibrillm ; they correspond to the inner 
wall of the primitive segment in the larve of Amphioxus (fig. 189) 
and Cyclostomes, which is in direct contact with the chorda. The 
outer layer lies in contact 
with the epidermis, and 
remains for a long time 
composed of cubical epi- 
thelial cells, Dorsally and 





ventrally it bends around 
into the muscle-forming 
layer, and here contributes 
to the enlargement of the 
latter, as in Amphioxus 
and the Cyclostomes, by 
its cells becoming longer 
and being metamorphosed 
into muscle-fibres (fig. 185). 
The muscle~-plate thon 


a ons De 


Fig. 195. —Horizontal seotion through the 
trunk of an embryo of Seytlium, after Dauroun 

‘The seetion ia made at the hwight of the chona, and 
shows the separation from the muscle-plates of the 
‘evils which form the bodies of the vertebra, 








‘the primitive segment ; ws’, portion of the pritul- 
slrowdy 


tive segment which has y teen differentiated 
‘into longitudinal muscles (imusle-plate). 


spreads out farther into 

the wall of the trunk both above and below (figs. 185 and 205), 
At the same time its cavity (myocel) gradually disappears. Tho 
musele-forming layer (fig. 185 mp’) continues to increase in thickness, 
since the number of muscle-fibres becomes greater ; the outer layer 
also loses, rather late it is trae, its epithelial character, and is con- 
cerned on the one hand in the development of the corium (fig. 205 
ep), while on the other it furnishes an additional outer, thin muscle- 
lamella, This observation, made by Baxroun, has often been called 
in question, but has recently been confirmed by vax Wise. 

In Reptiles, Birds, and Mammals the proliferation of the primitive 
segments which furnishes the skeletogenous tissue is still more 
extensive than in Selachians. Thereby the muscle-plate, or the 
dorsal plate, as it ix also called, is crowded farther away from the 
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chorda. The differentiation of musele-fibres follows at a much later 
stage of development, in comparison with Amphioxus and the Cyclo- 
stomes. The inner layer of the muscle-plate is converted into 
longititdinal muscle-fibres, the outer contributes to the formation of 
the corium (fig. 202). 

Let us now consider somewhat more in detail the original condition 
of the musculature, It shows at the beginning complete uniformity 
in all classes of Vertebrates, Everywhere there appears as ite 
foundation « very simple system of longitudinal contractile fibres, 
which first appear near the chorda and neural tube and spread 
themselves out thence dorsally toward the back and ventrally in the 
wall of the belly. The musele-mass is divided in a very uniform 
manner into separate segments or myomeres by means of connective~ 
tissue partitions (ligamenta intermuscularia), which run transversely 
or obliquely to the vertebral column. In the lower Vertebrates this 
condition persists, in the higher ones it gives place to a more 
complicated arrangement. 

We cannot recount more precisely the details of the manner in 
which the groups of muscles of the higher Vertebrates, so various in 
form and position, are derived from the original system, especially 
since this field of embryology. has been as yet little cultivated ; let 
attention be here called to only two points, which como in question 
in the differentiation of the groups of muscles. 

First, a very important factor is furnished in the development of 
the skeleton, which with its processes affords points of attachment 
for muscle-fibres, Some of these find in this way opportunity to 
detach themselves from the remaining mass, ‘ 

Secondly, the development of the limbs, which arise as protuberances 
at the side of the trunk (figs. 157 and 158), operates toward a 
greater differentiation of the musculature. The limbs likewise ac- 
quire their musculature, which in the higher Vertebrates has a very 
complicated arrangement, from the primitive segments, as has been 
learned through the investigations of Kuenexnune and BALYoUR, ax 
well as recently through the very convincing accounts of Domny. 

Tn the Selachians, in which the process are most clearly recog: 
nisable, cell-buds aprowt forth out of the still hollow primitive segments 
and grow into the paired and media é 
morphosed into muscle-fibres. The fact that always from a lange 
number of primitive segments buds are given aff to a fin is worthy of 
attention, because it demonstrates that the extremity is « structure 
that belongs to several somites. 
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B. The Segments of the Herd, 


Important works on the development of the head have appeared 
in late years by Gorrre, Barroun, Mansmart, Wisue, Fnoner, Rant, 
and others. They have led to the important conclusion that the 
head is made up of a large number of segments, in the same manner 
as the trunk. These conditions are most evident in tho Selachians. 

When in these animals the middle germ-layers have grown int 
the fundament of the head, they here, as in the trunk, early separate 
from each other, and thus embrace on either side a narrow, fissure- 
like space, the head-cavity. This is continuous posteriorly with the 
general body-cavity. It follows from this that 
the two primitive body-sacs (clom-saca) possess 
@ greater extent in the embryo than they do sube 
sequently, since they reach into the most anterior 
part of the embryonic fundament, the head. 

In the further course of development the walls 
of the hend-cavity are differentiated, in the same Fig, 196.—Crose 


i 


manner as the walls of the body-cavity, into q  Meugh the next te 
ventral portion and a dorsal portion, the lattor  t'an eninge of Pri. 


; 


producing primitive segmonts, Then there arises, et ets ve, inner 


however, an important difference between head — visceral pouch; pp, 
and trank; in the trunk only the dorsal portion ery soft a 
04, blood 


is segmented, but in the head both ventral and —_viseemarchjaa, 
dorsal portions are segmented, each in a manner — Soy (sortip arch). 
peculiar to itself. 

The ventral part of the head-cavity is divided, in consequence 
of the development of the visceral clefts, into separate segments 
(branchiomeres Autnory), the first of which is situated in front of 
the first cleft, each of the remaining ones between two clefts, Each 
segment (fig. 196) consists of a wall composed of cylindrical cells and 
encloses @ narrow cavity. With its enveloping connective tissue it 
constitutes the visceral arches, which are separated from one another 
by the visceral clefts ; for this reason tho fissures arising from the 
head-cavity have been designated by Wisue as visceral-arch cavities. 
‘The latter communicate for a time under the gill-pouches with the 
pericardial chamber surrounding the heart. But then they begin to 
‘be closed ; their walls come into contact ; .and out of the cylindrical 
epithelial cells are developed tho transversely striped muscle-fibres 
which produce the muscles of the jaws and gills. 

Consequently there results for the head-region of Vertebrates this 
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important proposition: the head-musculature is developed not only owt 
of the primitive segments, but also out of a part of the epithelium 
of the head-cavity which corresponds to the lateral plates of the trunk ; 
whereas the latter do not contribute to the formation of muscles, 

So far as regards the dorsal part of the middle germ-layer in the 
head-region, it is divided, as in the trunk, into primitive segments, 
which in the Selachians are nine in number and embrace each a 
cavity, with the exception of the first, which is solid. They arise 
first in the posterior region of the head, and increase from there 
forward, The segmentation of the whole body is therefore accomplished 
in the Selachians—and the same is likewise true for all the remaining 
Vertebrates—in such a manner that it begins in the neck-region, and 
proceeds thence on the one hand backward to the tail, on the other 
forward. ; 

‘The walls of the primitive segments of tho head in part furnish 
muscles, in part degenerate. Out of the first throo pairs arise the 
eye-muscles, os MansHaut and Wisne have demonstrated in detail. 
Tho first segment envelops the primitive eye-vesicle like a cup, and 
is differentiated into musculus rectus superior, rectus inferior, and 
obliquus inferior. The second pair gives origin to the obliquus 
superior, and the third pair to the rectus externus, The 
from the fourth to the sixth inclusive disappear, while ont of the 
last three are developed muscles which extend from the skull to the 
pectoral girdle, 

In the remaining Vertebrates the metamorphosis of the middle 
germ-layer in the head has not been investigated in so exhaustive 
a manner as in the case of the Selachians, There do not appear 
to be any head-cavities developed, because the middle germ-layers 
remain at all times pressed together. However, we know that 
primitive segments are demonstrable even here. Gorrre describes 
four pairs of them in Bombinator; Frontzr finds in Mammals in 
the occipital region alone on either side four muscle-segments, of 
which the two most anterior are believed subsequently to dogencrate, 
In individual cases there still remains much to be elucidated by 
more exhaustive investigations. 

Rase has recently expressed dissent in some points from the 
exposition of the head-segments as given by Wun. He divides the 
headsegments into two groups—four anterior or proximal, and five 
posterior or distal. Only the latter are according to Rant to be 
compared with the trank-cegments ; whereas the first, owing to their 
method of origin, must take a separate position. 
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IZ. The Development of the Urinary and Sexual Organs. 

Thedevelopment of the urinary and sexual organs cannot be discussed 
separately in two chapters, because these systems of organs are most in- 
timately connected with each other, both anatomically and genetically, 

First, both take their origin at one and the same place on the opi- 
thelial investment of the body-cavity; secondly, parts of the urinary 
system subsequently enter into the service of the sexual apparatus, 
for they furnish the passages or canals which are entrusted with the 
evacuation of the eggs and semen. In anatomy also one therefore 
properly embraces the two genetically united systems of organs under 
the common name of urogenital system or apparatus. 

Again in this subject we turn to one of the most interesting 
portions of embryology, The urogenital system claims an interest 
particularly from a morphological point of view, because a great 
number of important metamorphoses are effected in it during 
embryonic life. In the higher Vertebrates the pronephros and the 
mesonephros are formed first; they are organs of an evanescent 
nature, which in some cases disappear and are replaced by the 
permanent kidney, in other cases their ducts alone are preserved, 
But these transitory structures correspond to organs which are 
permanently functional in the lower Vertebrates. 

In late years, the attention of investigators having been directed to 
a series of entirely new and unexpected phenomena, by the excellent 
researches of Watperer and Sxmeen, the topic “ urogenital 
organs” has been carefully worked out by very many different 
observers through the investigation of each separate class of Verte- 
brates. Thers has arisen a voluminous literature, and many im- 
portant facts have been brought to light, Nevertheless it is not to 
be denied that conceptions concerning many fundamental questions 
are still very divergent. 

As in several previous chupters, I shall also here ‘give to the 
discussion a broader foundation by treating somewhat more ex- 
haustively of the lower Vertebrates in certain questions. 


(a) The Pronephros and the Mesonephrie Duct, 

The first thing that becomes noticeable in the origin of the uro- 
genital apparatus is the fundament of the pronephros [head-kidney]. 
‘This is a structure which has now been demonstrated in the embryos 
of all Vertebrates, but which plays in some a greater part, in others 
fn lesser one, In some Vertebrates (Myxine, Bdellostoma, Bony 
Fishes) it is retained permanently; in others, as the Amphibia, it 
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ing larval life to an important organ, which disappears 
animal's metamorphosis; finally, in the Selachians and 
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Figs, 197 and 19¢.—Two eroms sections through an embryo of 
Pristiurus, after Rai. Crom section fg. 195 tee w Uttte 
farther back than roetion fg. 107. 


Uy loner perme-tayer | pea, 
md, parietal, viet middte Tayer; wn, promepéiros 5 
ot; aware in the priraitive segment, 

‘cowmtinieasion with thie bexly-cnvity. 


Amniota its funda~ 
ment is from the 
beginning very radi- 
mentary, In the 
latter case it was 
held to be the front 
end of the meso- 
nephric duct, until 


of the pronephros 
the Selachians, Am- 
phibia, and Binds, 
In Selachians of 
about twenty-seven 
somites the prone- 
phros begins with 
the third or fourth 
trunk-segment and 
is developed from 
there backwards, 
At the place where 
the segmental por- 
tion of the middle 
germ-~layer is con- 


oub of its parietal 
lamella a number of 
cell-cords (fig. 197 
vn) segmentally ar 


ranged one behind another, in Torpedo six, in Pristiuras four, 
which bend backwards and become united into a longitudinal 
cord. Soon afterwards the fundaments acquire small cavities 
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through disassociation of the cells. In this manner there has now 
arisen between epidermis and parietal middle layer a longitudinal 
canal, which stretches over several segments of the trunk and com- 
municates with the body-cavity by means of several successive openings, 
the pronephric funnels (fig. 194 en) At one place the pronephrie 
duct comes close up to the 
and fuses with it (fig. 198 vg). Al- 
though an actual opening is never 
formed here, still, supported by this 
fact, one may express the conjecture 
that originally the pronephres in Ver- 
tebrates opened out at a point far 
forward on the body (vay Wun, 
Recent). 
A short time after its formation the 
fundament undergoes in its anterior 
half & complete degeneration ; the pos- 
terior half, on the contrary, is further 
developed and enlarges, but remains 
in connection with the body-cavity by 
means of a single funnel only (fig. 194 
vn), either because, as yax Write as- 
verts, the several funnels are fused into 
n single one, or because, in accordance 
with the account of Ritckent, all the ‘Tadpole 
fonnels except a single one become inthe fe ari nd of 
closed and degenerate. @, Fold of the outer germ-layer that 
In the Amphibia, with which the poppe a ped somone 
Bony Fishes exactly agree in this point, —_as*, outer cell-layer of the muwele- 
the pronephros is established in the PMS * pages es coo 
most anterior part of the trunk as 
an organ that is from the beginning 
hollow (fig. 199), Below the primitive of yotk-celts (1); 
segments, which have already been — seh of the intetluw, which be 
differentiated into muscle-fibres (im), 
there appears a groove-like evngination (1) of the parietal layer 
of the peritoneum, which stretches from in front backward over 
severnl somites. By detaching itself from its parent-tissue at 
several places, and remaining in connection with it at others, it is 
converted into a longitudinal canal, which in Rana and Bombinator 
communicates with the body-cavity by means of three pronephric 
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funnels, in Triton and Salamander by means of two. The whole 
fundament soon after, during the larval life, acquires ample propor- 
tions, owing to the fact that the nephridial funnels grow out into long 
and very tortuous tubes (pronephric canals). (Ftennrxoge, Gorrre,) 
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embraces between its lamellae the body-cavity ¢ p.p) 


In Birds, with which Rep- 
tiles and Mammals agree, the 
pronephros appears, much as 
in Selachians, in a more or leas 
rudimentary form (Sepowic., 
Gasser, Rexsox, Sremegcino, 
Wetpos, Minatkovies). It 
is first observable in embryo 
Chicks having eight primitive 
segments and in the region of 
the seventh somite; in older 
embryos it) ix developed from 
this place backwand into the 
region of the twelfth somite. 
At tho place where the primi- 


3 tive segments (fig. 200 P.v) 


are constricted off from the 
lateral plate (S.o), but still 
remain for some time in con- 


~ tinuity with it by means of a 


connecting region (the middle 
plate), there grows out from 


= the parietal lamella of the 


middle germ-layer (somato- 
pleure) @ ridge of cells (Wid), 
which is directed toward the 
overlying epidermis. Later, 
like the corresponding furrow 


= in the Amphibia, it becomes 
- detached in places from ite 


parent-tissue, and when, 
meanwhile, the primitive seg- 


ments have likewise wholly detached themselves from the Iatoral 
plates, it is converted into a Jongitudinal cord, which is united with 
the epithelium of the body-cavity by means of short transverse 
branches. Similar conditions exist in Reptiles and Mammals, 
Finally, the pronephros subsequently acquires a peculiar condition 
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from the fact that there are developed out of the wall of the body- 
cavity, in the vicinity of the openings of its tubules, one or several 
vascolar glomeruli. In the Chick for example (fig. 201), in the region 
from the eleventh to the fifteenth somites, there is « proliferation of 
connective tissue on either side of the mesentery (me),—by means of 
which tho right and loft pronephridia aro separated from each other, 
—which grows into the body-cavity as a spheroidal body (gf). 

A blood-versel from the aorta penctrates into each proliferation 
and is here resolved into a tuft of capillaries, which are then united 
again into an efferent vessel. Only in those Vertebrates in which the 
pronephros is functional, as in the larvm of the Amphibia, in the 
Cyclestomes and the Teleosts, 
does the glomerulus attain to a 
considerable development, where- 
as in the Selachians and Amniota 
it remains rudimentary. In the 
first case fluid or urine is pro- 
bably secreted by this apparatus, 
and then taken up by the open- 
ings of the pronephric tubules 
and conducted outside the body 
by means of the pronephrie duct, 








which is to be discussed directly. 
There is one point in this con- 
nection that is noteworthy and 
characteristic of the structure of 
the pronephros: the glomeralus 
is developed, not in the wall of 


Pig. 201.—Oross section through the external 
glomerulus of « pronephric tubule af an 
embryo Chick of about 100 hours, after 
Uauroun 

gt, Glomeruiue; ge, peritoneal epithelium ; 
Wa, meonephric (Wolifian) duct; «a, 
sorta; ie, mnewontery. ‘The promepbrie 
tabale and ite conoestion with the glor 
meralue are not shown in this figure. 





the pronephric tubule itself, as 

is the case in the tubules of the mesonephros, but in the wall of the 
body-cavity, so that the urine can be evacuated only through the 
agency of the latter, 

But in what manner does the pronephros communicate with the 
outside? 

‘This communication takes place by means of a longitudinal canal, 
which is developed in immédiate continuation with the pronephros, 
and, beginning in front, gradually geows backwards until it reaches 
the proctodwum and opens into the cloaca, It is found in all 
Vertebrates in the region where the primitive segments abut upon 
the lateral plates. At the time of its origin it is always close under 
the epidermis, later it is farther and farther removed from the latter 


pendently, by multiplication of its own cells, as far as the hind gut 
(proctodanm). It was said, therefore, to be constricted off from 
neither the outer nor the middle germ-layers, nor yet to derive from 
thém cell-material for its incrense, 

‘This interpretation has recently become untenable, As is reported 
in an entirely trustworthy manner concerning several different classes 
of Vertebrates,—for Selachians (Wine, Rant, Beano), for Amphibia 
(Perens), for Reptiles (Mrrsuxcat), and for Mammals (Hessrx, 
Fixwsrse, Gray Spre),—the posterior end of the pronephric duct in 
process of growth is in these cases by no means an entirely isolated 
structure, but is in close union with the outer germ-layer. Attention 
has already been enlled to this fact apropos of the development of the 
pronéphros. In a Selachian embryo the condition which is repre- 
sented in fig. 197 is soon followed by a condition (fig. 198) in which, 
in ao series of cross sections, the pronephric duct now appears ax a 
ridge-like thickening of the outer germ-layer. By a study of various 


coll-proliferation in 

off from the parent. 

tho expense of the outer germ. and moves as it were along the 

latter, with its terminal opening bebind, as far as to the hind gut. 
Whon Hexses, Fiaotxo, and Gray Sree made their observations 

on Mammals, they were thereby led to adopt tho view that the 

mesonephiric duct, ax well as the whole urinary system, was derivable 

from the outer germ-lnyer, The union with the midd'e germ-layer 

they regarded ax one that had arisen secondarily. But their cancep- 
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tion cannot be brought into unison with the conditions of the pro- 
nephros which have been found in the remaining and especially 
in the lower Vertebrates (Selachians, Teleosts, Amphibia, Birds); on 
the other hand allowance is made for all observations, if we sum- 
marise them as follows: that the pronephros is developed from the 
“middle plate,” and that then its posterior end comes into union 
with the outer germ-layer and in conjunction with the latter grows 
farther backward as the pronephric duct. 

If this explanation, which has also beeri expressed by Wisax and 
Réckenr, is correct, then one can designate the pronephric duct at 
its first appearance as a short canal-like perforation of the wall of 
the body, which begins in the body-cavity with one or several inner 
ostin and opens out upon the skin by a single external orifice. 
Originally the outer and inner openings lay near together, later they 
moved so far apart that the outer opening of the canal united with 
the hind gut. It may be said, in favor of the view here presented, 
that in the Cyclostomes the more primitive condition, that is to say, 
the union with the skin, bas been preserved. For in them the 
mesonephric duct opens to the outside at the abdominal pore, 

That openings should arise between the eavities of the body and its 
outer surface is in no way remarkable. I call to mind the intestinal 
tube, at various places in the territory of which there are formed 
openings, os mouth, anus, and branchial clefts. Still moro frequent 
are passages through the body-wall of Invertebrates. As such, arise 
the openings at the tips of the hollow tentacles of the Actinia, on 
the ring-canal of the Medusw, and the canals (segmental organs) 
which in Worms lead out from the body-cavity and serve for the 
climination of the sexual products and the exeretions, 





(6) The Mesonephros, (Wolffian Body.) 


Following upon the origin of the pronephric system there is de- 
soloped in all Vertebrates, after the lapse of a Jonger or shorter 
interval of time, a still more voluminous gland, serving for the secre- 
tion of urine, the primitive kidney (mesonephros) or Wolffian body. 
[t is developed earlier in those cases in which the fandament of the 
pronephros is from the beginning only rudimentary, as in the Sela- 
chians and Amniota ; it appears relatively Inte, on the contrary, in 
those Vertebrates in which the pronephros attains to a temporary 
functional activity, as in the Amphibia and Teleosts. 

‘Tho mesonephros is established on the portion of the pronephric 
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duct immediately behind tho pronephric tubules. The duct con- 
sequently serves from this time forward as an outlet for the newly 
formed glandular organ also, and can therefore be designated as 


mesonephric or Wolffian duct. 
When it is stated that a gland is developed on the mesonephrio 


ing ombayonio stel'ate cells, and ewbeacing, wt the marae time, the 


wplanchnep'euric romcders ; anf, Welfflan duct; sf, mesoney heic tabutes; 
ava, epinal ganglien ; 4y.<, spinal cunt ; ch, chords dorsalis; ao, aorta ; 


Atmoant of connective ratatanes contain 
‘fundaments of the biood-sreadle. 
om, Aimniou ; 49, somatopteurie, #), 
‘exe, cuntinal velo ; ms, ronmele-phate | 
doe. 
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duct, one at first thinks that lateral buds grow out from its wall and 
give forth branches, as occurs in the fundaments of g'ands formed 
from the outer or the inner germ-layers. Nothing of the kind takes 
placo here, All observers—with the exception of a few earlior 
investigators—agree rather that the glandular tubules of the meso- 
nophros arise independently of the mesonephrie duct, The source 
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of its material is either directly or indirectly the epithelium of the 
body-cavity, as it has been possible to prove in many cases—in 
Cyclostomes, Selachians, Amphibia, and Amniota, 

‘There are formed, following one another in immediate succession, 
short transverse tubules (fig. 202 st), which are at one end continuous 
with the epitheliom of the body-cavity, and at the other end, which 
remains for a long time closed, are joined to the mesonephric duct (wd), 





‘Fig. 105,Embryo of « Dog of 25 days, straightened owt and seen from in frent, after [oectorr. 
Magaifiot 6 diameters, 

d, Wubectinal tabs; ay, yolk-eao; of, allantole; sn, mesonephros ; 1, the two lobes of the liver, 
with the humet the vena orephalomosenterica between theta ; ev, Ar anterior and postorior 
‘extermition ; A, heart; m, mouth ; «x, eye; g, olfactory pit, 


which runs close to them, but somewhat more laterad. The mesone- 
phros elongates from before backward and attains a great length on 
both sides of the mesentery, for it reaches back from the region of 
the liver nearly to the posterior end of the body-cavity ; it acquires 
a very delicate, regular condition, as the figure of an embryo Dog 
twenty-five days old shows (fig. 203 un), and can be designated as 
a comb-shaped gland, composed of a lateral collecting tube, running 
lengthwise of the body at a little distance from the mesentery, and, 





attached to the median side of it, short transverse branches, which 
we shall designate as mesonephric tubules, 

Wherens there can no longer exist any doubt nbout the origin of 
the mesonephrie tubules from the middle gorm-layer, the statements 
concerning the method of their formation are still at variance with 
one another. In accordance with the fundamental investigations 
of Sunven, it was generally believed that the mesonephric tubules 
either were evaginated in metameric sequence along the dorsal wall 
of the boiy-cavity out of its epithelial lining, or grew forth as 
originally solid buds, as glandular sacs do from the outer or inner 
gorm-layer. 

This view, according to the more recent investigations of Sepowicn, 
Wong, and Rtckenr for the Selachians and the three higher classes 
of Vertebrates, is no longer adequate. In these cases the development 
of the mesonephric tubules is intimately connected with that of the 
primitive segments, When the Intter begin to be more sharply 
separated from the lateral plates, there arises at the place of con- 
striction a narrow stalk, which maintains for a time  conntéction 
between the two parts (fig. 204 v6). In the Selachians it possesses 
a small cavity, which unites the cavity of the primitive segment with 
the body-cavity. In the Amniota it is solid (fig. 200), Inasmuch ax 
the successive cords (stalks) are here clos:ly pressed togetbor, they 
appear like a continuous cell-mass interpolated betwoen primitive 
segment and lateral plate, and have been previously mentioned under 
the name of the middle plate. On account of its relation to the meso- 
nephric tubules, the middle plate ix also designated as mesonephric 
blastema, The mesonephric duct, split off from the outer germ- 
layer, is to be seen taking its way on the lateral side of and close 
to the connecting stalks of the primitive segments Each of the 
connecting stalks, which RuckerT names at once neplirotome,—in 
contradistinetion to the remaining parts of the primitive segment, 
which produce the muscle-plate (myotome) and the cell-material for 
the skeletogenous tissue (sclerotome),—is afterwards metamorphosed 
into a mesonephric tubule. Whereas one of its ends remains con- 
nected with the body-cavity, the other becomes separated from the 
primitive segment (fig, 205 wh'), then applies itself closely to the 
mesonephric duct, fuses with the wall of the latter, and opens into it, 
Tn the diagram (fig. 205) the detachment of the connecting stall 
from the primitive segment is shown on the right, the fusion of the 
detacked end with the mesonephrie duct on the left. According te 
this whole process of development the mesonephros is from the very 
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beginning « segmentally formed organ, ns can be best followed in 

the Selachians ; for each mesonephric canal is developed in a single 
nt. 

In Reptiles, Birds, and Mammals the connecting stalks are solid 
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‘Mig. 206. 


Hips 20 eat Dlagzsent of esos cottons Ucreng& youagye eal sider anhera Reston 
the develepment of the principal product of the middle germ-layer, After Wizun, 
win cleo 
Fig. 204, — Cross section through the region of the pronephres of an embrye in which the muscle- 
‘egments (o') are in process of being constricted off. 
‘ig. 905,.-Croas section through « somewhat older embryo, in whish the muscle-segments have 


fer, ‘Sewal tubes eb, chords; ao, aorta; ach, submotochondal red ; mp, muscleplate of the 
Primitive segment ; w, ane of growth where the muscleplate bends around into the cutie 
inte (ey); €% the connecting plece which anites the primitive segment to the walls of the 
Wealy cavity, and from which are developed, among other things, the mesonephrie tixbules 
(Mig. 206 wk) ; a6, skeeletogencts tiemue, which ariaoe by a proliferation of the median wald 
Of the connecting plece 5 ve, pronephros ; mi, mit, parietal and vinceral middle layer, 
‘out of which mesenchyoa ik developed: U4, boly-cavity ; 44, entoblaat ; &, cavity of tho 
Jeimitive segment; ue, weonephrie tubules, which have arimn from the connecting piece 
eo of the diagram fig. 204; wa, the place where the menuneplric tabale has been detached 
from tho primitive segment; wy, seonephric duct, with which, ow the lett wide of the 
figure, the meonephrie tubule has snited ; ty, union of the mewoepbric tubule. with the 
body-cavity (nephridial funnel) ; wee’, wer, eaemmchyma that has arieen from the parietal 
and visceral mide layers, 






cords of cells (mesonophrie cords), It is only when they have de- 
tached themselves from the primitive segment, and their blind ends 
haye united with the mesonephric duct, that they acquire a small 
cavity (fig, 202 st). Now they also become more readily distin- 
gnishable as separate canals, since they become farther removed from 
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‘one another and are marked off from the surrounding tissue by 
sharper contours. 


Although it is often stated that in the Amniota the mesonephric tubules 
“ are differentiated out ef” the middle plate or the mesonephric blastema, it is 


tubules, ‘The differentiation out of a blastema is therefore here, as in most 
enses, to be conceived of as an increase in the distinctness of already esta~ 
blished whic constitute a cell-mass that appears undifferentiated, 
but only, ‘of our limited means of discrimination, 

the and Ganoids the origin of the mesonephros 
deserves to be subjected to renewed investigation from the recently acquired 
points of view. 


Soon after their union with the mesonephric duct the individual 
mesonephric tubules:begin to grow somewhat in length, to take on 
S-shaped curves, and to bo differentiated into three regions, The 
middle region undergoes a vesicn'ar enlargement and is converted 
into a Bowman's capsule, Individual transverse branches from the 
primitive norte, which pass along close to the mesonephros, make 
their way to the capsules, and are there resolved into u tuft of 
capillaries. The knot of blood-vessels, or glomerulus, now grows 
into the epithelial vesicle, the median wall of which is pushed before 
it and inyaginated into the interior. During this process the 
epithelial cells of the invaginated part of the wall become greatly 
flattoned, whereas upon the opposite uninvaginated side they re- 
main tall and cuboidal. Such a structure, consisting of a vascular 
glomerulus and the enveloping Bowsan's capsule, is called a Mal- 
pighian corpuscle, an organ that is exceedingly characteristic of the 
primitive kidney (mesonephres) and the permanent kidney (mota- 
nephros) of Vertebrates, 

Tn addition to the enlarged middle part, there is to be distinguished 
on each megonephric tubule a narrow connecting portion, which 
continues to increase in longth, running to the mesonepbric duct, and, 
secondly, & short portion connecting with the body-cavity. The latter 
is metamorphosed in different ways in the separate classes of Verte 
brates. In some, as in many of the Selachians, it retains its original 
connection with the body-cavity even in the adult animals; it begins 
at the peritoneum with an opening, surrounded with ciliate cells, 
which was discovered by Semper and has been designated nephridial 
Funnel or nephrostome, and which in many respects recalls the 
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similar structures of the excretory organs of segmented Worms. In 
the most of the Vertebrates, however, special nephridial funnels are 
no longer developed, inasmuch as the mesonephric tubules soon after 
their origin completely detach themselves from the epithelium of the 
body-eavity as well as from the primitive 
segments, and thereby lose all relation to A 
the body cavity. 
‘A mesonephros in the simple form in 
which it ix at first produced develop- 
mentally is retained permanently only 
in Bdollostoma, a representative of the 
Cyclostames. It here consists, as Jo- 
Haswes Mitten has shown, of an ¢lon- 
gated canal (fig. 206 4 and B a) and 
short transverse tubules (4), which open 
into it at short intervals. The latter are 
no longer connected with the body-cavity 
by means of « nephridial funnel, but they 
enclose a vascular glomerulus at their 
blind end (tig. 206 B ¢), which is some- 
what set off by a constriction. 
In all remaining Vertebrates the meso- 
nephros is metamorphosed into a more 
voluminous and more complicated organ, 
For the originally short tubules, which 
rim transversely into the mesonephric 
duct, begin to grow in length, and at the 
same time to be thrown into numerous 
folds (fig, 207 ».0). Moreover there are 
formed mesonephric tubules of a second Fi 5—Rarts of the menone- 
and third order, These again are also MUbimn 
formed independently of the mesonephric % Meera tact f, menon. 
duct dorsal to the first-formed transverse 4, afferent artery 5 ¢, efferent 
tubules; their blind ends approach the» 4 yorCse 4 more highly mag- 
primary urinary tubule and join its ter- nifled, 
minal part, which is thereby converted 
into n collecting tube, At the came time a Malpighian’ body is 
formed on each of them also. 


Stil more exhanstive investigations concerning the formation of the seoond 
ary and tertiary mesonephric tubules, especially for the higher Vertebrates, 
appear to me to be desirable, In the Selachians, according to the statements 





of BaLyour, which are also confirmed by others, the epithelium of the 
soak Malpighian glomeruli is the starting-point of a proliferation. 

‘Cell-buds grow out from the latter and toward the urinary tubules lying in 
front of them, with which their blind ends fuse. After this union has been 
‘effected they detach their other ends from the parent-titsue, 


Through the development of compound urinary tubules, each 
of the branches of which is provided with a Malpighian corpnsclo, 
the primitive kidney (mesonephros) acquires a complicated structure, 
But this is not uniform in all its parts; ordinarily the condition 
realised.in the most of the Vertebrates is this; the anterior part, 
which afterwards enters into relation with the sexunl glands, 
retains simple tubules, and only the posterior part passes into a 
more complicated form by the production of secondary and tertiary 
fondaments, 

The more the mesonephros, with its tortuous tubules and its 


Pw * 
207, —Dingram of the original condition of the kidney in an embryo 
Ba at nial Into the close at the other 


‘CWollMan) sack 4.1, mesvweplielo (megmental) tubaies, which on the one 
and ope into the bedy-carity, an the other into the memnephrie duct, 
farther differentiation, increases in volume, the more it becomes 
delimited from its surroundings and emerges from the wall of 
the body into the body-cavity as a distinctly differentiated organ, 
where it forms a protruding band on either side of the mesentery 
(fig. 210 WA). 

On a cross section one can recognise in the human embryo also 
(Naoxt) two distinctly separated regions on each urinary tubule—(1) 
a largor one, which begins with the Bowstax's capsule and is lined 
with large epithelial cells containing abundant protoplasm, and (2) 
& narrower region with «mall cubical clements, Tho latter ix the 
collecting tube, which unites with other collecting tubes before it 
opons into the mesonephric duct; on the other hand, probably the 
former region alone has the secretory function, as also it is best 
doveloped at the time of the greatest prominence of the Wolftian 
body. Tho Malpighinn glomeruli, likewise, attain at this time in 
human embryos « remarkable size (Nace). 
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The further fate of the primitive kidney is very different in the 
sopnrate classes of Vertebrates. In the Anamnia, i-., in Fishes and 
Amphibia, it becomes the permanent urinary organ, through which 
the excretions of the body are climinated ; but besides that, it also 
acquires relations to the sexaal apparatus, upon which, howover, I 
shall not enter until later, In Birds and Mammals, on the contrary, 
the primitive kidney is functional only a short time during embryonic 
life; soon after its establishmont it undergoes profound regrossive 
changes, and at last is preserved only in part, in so far as it onters 
into the service of the sexual apparatus, and, as we shall likewise see 
later, participates in conducting away the sexual products, 


{c) The Kidney. (Metanephros.) 


The secretion of urine is assumed in the higher Vertebrates by 
a third gland, which is established at the posterior end of the meso- 
nephrie duct—the permanent kidney, The method of its formation, 
which appears to differ at first from that of the mesonephros, presents 
great obstacles to its investigation. It is most accurately known 
from studies on the development of the Chick through the works of 
Sepawiex. At tho beginning of the third day of incubation in the 
Chick there grows out of the [posterior] end of the mesonophric duct, 
from its dorsal wall, an evagination—the excretory duct of the kidney 
on ureter. , 

There are two conflicting views relative to its connection with the 
development of the kidney. According to the older view, which ‘is 
still shared by many, the kidney is formed from the ureter in the 
manner of an ordinary glandular growth. It is maintained that 
evaginations take place which give rise to other evaginations, and 
thus produce the whole parenchyma of the kidney. According to the 
second view, which has been formulated especially by the more recent 
embryologists,—by Seren, Brauy, Finsatoer, Sepowick, and 
Ba.rvour,—the permanent kidney is, on the contrary, developed out 
of two different fundaments, which come into relation with each other 
only secondarily : the medullary substance with its collecting tubules 
out of the ureter, the cortical substance with the tortuous tubules 
and the loops of Hew1x, on the other hand, out of a special fundamen, 
According to this view there would be an agreement between the 
development of the kidney and primitive kidney, in ns far as in the 
latter the mesonephrie duct and the mesonephric tubule 
separately, and only secondarily enter into relation with each other 
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‘by means of fusion. The agreement here indicated is a not unim- 
portant ground for my giving preference to the second rather than 
the first view. 

As far us regards the details of the conditions, they are in the 
Chick—according to the investigations of Sepowick, which Barrour 
‘has confirmed—as follows: the ureter, which has arisen by an evagi- 
nation from the end of the mesonephric duct, grows into that part of 
the middle plate which is located at the end of the Wolffian body in the 
region of the thirty-first to the thirty-fourth primitive segment. Tho 
fundament, however, is not at once and at this place converted into 
a kidnoy, but first undergoes, after the ureter has penetrated into it, a 

very considerable change in position; to- 
gether with the ureter it grows forward 
on the dorsal side of the mesonephric 
duct farther; it meanwhile gradually 
enlarges, and begins to show internal 
differentiation only when it has come 
into this new position. One then sees 
that tortuous tubules become more and 
more distinet in the small-celled mass 
and that in their walls Malpighian cor 
puscles are established. One finds, in 
addition, that there are evaginated 


Fig, 201.—Kidney and suprenal from the end of the ureter separate 


epee aa sacs, which grow out into collecting 


‘of pregnancy. 
ered iM kidoes: tubes, and probably later —certainty 
Teer ei in regard to this bns not yet been 
established—join the tortuous tublues which have arisen in the 
cortical portion of the kidney. 

This voluminous organ, which has soon outstripped the mesonephros 
in site, is originally composed of individual lobes separnted by doop 
furrows (fig. 208). The lobation is retained permanently in Reptiles, 
Birds, and some of the Mammals (Cetacea). In most Mammals, 
however, it dieappears, in Man soon after birth. The surface of tho 
kidney nequires an entirely smooth condition ; the internal structure 
(Malpighian pyramids) alone points to its composition out of indi- 
vidual portions, originally also separated externally. 

For the sake of clearness the development of the three regions, 
pro-, mrso-, and metanephros, bas been treated as a whole up to this 
point. Consequently there have been left out of consideration for 
the time being other processes which are taking place in the vicinity 








THE ORGANS OF THE MIDDLE GERM-LAYER, =. 369 


of the fundament of the mesonephros at the same time. These have 
to do with the evolution of the Miillerian duct and the sexual organs. 


(d) The Mallerian Duct. 

The Millerian duct ix a canal which is found lying at first parallel 
and close to the mesonephric duct in the embryos of most Vertebrates 
(Selachians, Amphibia, Reptiles, Birds, Mammals). It is a canal that 
is established in both sexes in the same 
manner, but subsequently acquires in each 
a different fanction. It takes its origin 
in the lower Vertebrates from the mesone- 
phrie duct, as can be most easily followed 
in the Selachians (Sxurzn, Banroun, 
Horrmaxx). In thiscase the mesonephric 2 
duct becomes enlarged, acquires in cross Sad 
section (fig. 2094) an oval form, and pre: 


sents a different condition in its dorsal fe 
(ad) and ventral (od) halves, the latter s 
being at the same time in immediate con- om 


tact with the peritoneal epithelium. ‘The 


mesonephric tubules open into the dorsal a 
half, while ventrally the wall is consider- 
ably thickened. Then a separation of the 

‘eed 


two parts takes place, which begins at a 

little distance from the anterior end (cross Fig, 2909.—Your cross sections 

sections 3-1) and proceeds backward to = 

the point of opening into the hind gut. female embryo of Seylliue 
‘gas 


we 


. 


Of the parts which result from the fission, “queue ster Batroon, 
that which lies dorsally is the permanent Jerian duct (of) bs split off 
mesonophric duct (wd); it exhibits at first ({7%. J's puaeririe duct 


a broad lumen and receives the urinary 
tubules (fig, 207 #). Ventrally, between it and the epithelium of 
the body-cavity, lies the Miillerian duct (fig. 209 od and fig. 207), 
which is at first only n narrow passage, but later a much enlarged 
one. In the process of fission the anterior initial part of the primary 
canal (fig. 207 pd), which was described at p. 353 as pronephros and 
which opens into the body-cavity by means of a ciliate funnel (0), 
becomes a part of the latter duct, and the ciliate funnel becomes the 
ostium abdominale tubs, 

Also in the case of the Amphibia the Miillerian duct is developed by being 
split off (FCRaatNGER, Horrmaxy) from the mesonephric duct, with the excep- 

24 
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tion of the anterior end, which bears the orifices leading into the body-envity. 
A stnull territory of the epithelium of the body-cavity immediately adjacent to 
the pronephros serves for the construction of this portion. The epithelium 
‘becomes thickened, owing to the fact that its cells take on a cylindrical shape ; 
it sinks in to constitute # groove, and then becomes constricted off from the 
surrounding tistue in the form of a short funnel, which in front remains in 
connection with the body-cavity by means of a broad opening, but 

becomes continuous with the part of the Miillerian duct that is produced by 
fission. The pronephric tubules and the glomerulus degenerate, 


‘The fission of the single mesonephric duct into two canals lying 

eras Shame Pal ppg oats emcee ae 

that the mesonephric duct has possessed a double 
foe Probably it originally served as an outlet for the secre- 
tions of the mesonephric tubules, and also by means of its pronephric 
funnel took up out of the body-cavity the sexual products (eggs or 
seminal filaments) eliminated into it at their maturity, and con- 
ducted them to the outside, Similar conditions are often observed 
in Invertebrates, ¢g., in various divisions of the Worms, in which 
also the segmental canals, which break through the body-wall, 
transmit to the outside both secretions from the body and sexual 
products, In Vertebrates each of the two functions is assigned to a 
special canal, one of which loses its communication with the body- 
cavity, but remains in connection with the transverse mesoephric 
tubules, while the other retains as its part the ciliate fannel of the 
pronephros, and thus is adapted to conducting away the sexual pro- 
ducts (eggs). 

In Reptiles, Birds, and Mammals the manner of the development 
of the Millerian duct is still a subject of scientific controversy. 
Most observers (Watprver, Brauy, Gasser, Jaxosrx, and others) 
state that at no time was a process of fission observed. According 
to their representation the Miillerian duct arises in Birds and 
Mammals quite independently as a new structure, at a time when the 

hhros is already well developed and has the form of a band- 
like body (the mesonephric fold) projecting into the body-cavity 
(fig. 210). One then sees on the lateral face of the anterior region of 
this body that the epithelium of the body-eavity over a limited area 
(a') is thickened in « remarkable manner and composed of cylindrical 
cells, whereas elsewhere the cells are flattened. The thickened 
portion of the epithelium sinks down in the form of a funnel and 
applies itself closely to the mesonephric duct (y), which is near ab 
hand. Tho blind end of the funnel grows from this point backwands 
independently, ax is usually asserted, by means of the proliferation 
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of its own cells, and gives riso to a solid cord, which lies directly 
‘between the mesonephric duct and the peritoneal epithelium, which 
is here somewhat thickened. The funnel produced by the invagina~ 
tion now becomes the ostium abdominale tube, but the solid cord of 
cells, which is soon hollowed out and finally opens behind into the 
cloaca, becomes the 
Milllerian duct, 

If the representa- 
tion just given is cor 
rect in all particulars, 
the Miillerian ducts 
in the Anamnia and 
the -Amniota, al- 
though possessing 
the same location, 
form, and function, 
would still be non- 
homologous organs, 
‘because their develop- 
ment is different. 
For the one is split 
off from the meso- 
nephric duct, the 
other is formed in- 
dependently by a 
new invagination of 


the epithelium, Chick of the fourth day, after Waxnrrex. Magoittel 160 


Such a surprising diameters 

eoult appears to "tation dru wie the ain doc (Sun ben 
us, however, upon invagiosted ; a, thickened part of the gormiua) epithelia, 
erode of comparne ny en a 
tive anatomy, to be gland is formed; WX, meonephros ; y, mmonephric disct 
very improbable, and 

therefore the attempt made by some investigators to refer back 
the conditions found in the Amniota to such as exist in the 
Anamnia deserves every attention. This would be possiblo if 
the statements of Barrour axp Sxpawicx, which have however 
been called in question by others (Jaxosix), should be confirmed. 
As we have previously seen, there are two different regions to 
be distinguished on the Mlillerian duct—an anterior, which is 
the degenerated pronephros and bears the orifice of the tuba, 
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and a posterior, which is formed by being split off from the 
mesonephric duct. Such # double origin Baurour axp Sxnowicx 
endeavor to establish for the Miillerian duct in the Chick also, 
The part produced by invagination of the peritoneum (fig. 210 2) 
they interpret as pronephros. A similarity with the latter they find 
in the fact that this part does not, according to their investigations, 
consist of a single invagination of the peritoneal epithelium, but of 
three open invaginations lying one behind the other, which are 
joined together by ridge-like opithelial thickenings which after- 
wards become hollow (fig. 211 gr 9, gr 3,2). From this ridge is 
formed a slightly curved, short duct, which communicates with the 
body-cavity through three openings. 

If this explanation is right, the most anterior fundament of the 





Fig, 211.—Crous sections through two peritonea: invaginations out of which is formed the 
‘anterior region of the Milllerian duct (the pronephros) #¢ the Chick, after Baixocw axe 
Serowiex. 

Ais the 13th, B the 13th, € the 16th section of the whole series, 

ge#, 8, Second and think furrows; r#, seoond riige ; wed, Wollflan duct, 





excretory system of the Chick, which was described on page 356 as 
pronephros, must have undergone » change in position, and, with the 
appearance of the Wolffian body, have slipped backward somewhat 
along this organ. As long as this alteration of position is not 
demonstrated by the study of intermediate stages, the interpretation, 
however probable it may seem to us, still lacks actual proof. 

‘As far as regards the posterior, longer region of the Miillerian 
duct, Sepowrck maintains that it arises by being split off from the 
mesonephric duct. One always finds, according to his researches, 
the pronephric part of the Miillerian duct in union at its posterior 
end with the ventral wall of the mesonephric duct. He maintains 
that it is enlarged at the expense of the latter in somewhat the same 
manner as the mesonephric duct grows from in front backwards by 
a proliferation of the outer germ-layer, ‘The cross sections A and B 
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of figure 212 exhibit this condition. Figure # shows the placo 
where the ventral wall of the mesonephric duct is thickened into 
a ridge (md) by an increase of the epithelial cells; upon a cross 
section (4) made farther forward the thickened part has become 
detached as a cord 
(md), which subse- 
quently becomes still 
more isolated and ac» 
quires a cavity of its 
own. The condition 
recalls very clearly 
the appearances 
which the cross sec- 





tions through embryo 
Seluchinns (fig. 209) 
gave. Fig. 212. —Two sections to show the union of the solid terminal 
i of the Mullerian duct with the mevonephrio duct in 
According to the Bo cuah atte Bansoun aso Bxpawic. 


observations of SEDG- I 4 the terminal part of the duet is sill quite distinctly 
‘separate; in Bit bas united with the wall of the mmone 

wick, therefore, the plarle dns 

anterior end of the m4, Motlerisn duct; Wd, Woliian duct. 


Miillerian duct would 
be derived from the pronephros, but the posterior end by a splitting 
off of cells from the mesonephric duct. ‘Thus an agreement with 
the conditions in the non-nmniotie Vertebrates would be established, 






Fig. 213.—Cross spotions through the Wolffian and Mullerian ducts of two human embryos, after 
‘Naor. 

4 A female embryo 21 mm. long. 

B, A male embryo 22 mom, loug. 

Wg, Wolffian duct; Mg, eu of the Miitlerian daet in process of development. 


It still deserves to be especially mentioned that in human embryos 
also the Millerian ducts (fig. 213 A and B Mg.) during their 
development have their posterior ends fused for a short distance with 
the mesonephric duct (WW.g.). _Nacet, to whom we are indebted for 
this fino observation, expresses himself, it is true, against a splitting 





Be EERIE 


sft; anwevar, che dmilariry with the snoditions fund in che Chick 
aad the aon-amainsie Vertebrates i aot ts be denied. and bee indeed 
heen amcnasieet ng Sacer. 


ta) The Germinal Epiticicn. 

Tes Vartshenton, 20 the time whem the Milerian imc: % exablinhed, 
the fiene traren of the sexnal glaada ar> ako to be reenenived §The 
prrnntrinees «A thane in lhewine the epetheiinm of the beutr-cavicy. 
Thin serguires tow example: tm the Chick, which i to serve as the 
Serendtntion tes one deacription—s dflerent appearance in the various 
spon h the, tety-enviny (fig. 219). In most places the epithelia be 
nee extrnenticnatily flattened and savume the condition of the perma 
sant “endrabetion.” Alwyon the mesmephros. which projects into the 
herdy-envity aa % thick, vasenkar fold, the epithelinm is for the most 
part greatly flattened, bot retain ita original condition (1) on its 
Interal sorfare along  teact (a') frm which, as we have previously 
son, the Millerian dct ix forme, and (2) along a tract (a) which 
strotchen Srenn in fromt backward along the median side of the 
Inemnenhirin; the significatim of the latter bas been correctly 
eatitonted by Exasnacet and by Watperer, who have characterised 
it mn germinal epithelium. From it are derived the germ-celle : in the 
frmale the primitive ona, in the mals the primitive erminal colle, It is 
emly in the very earlient ntagen that it is imponsible to distinguish 
whether the germinal epithelinm will be developed into testis or ovary. 
Viflerencon mam appear, which allow a positive determination. We 
shall take up first the development of the ovary, then that of the 
funtin, 

(Sf) The Ovary. 

‘Tho development of the ovary is tolerably well known both in the 
Jowor ail the higher Vertebrates, except for a few controversial points. 
J can therefore limit myself simply to the presentation of the results 
which have been acquired in the case of the Chick and Mammals. 

At. nbout the fifth day of incubation the germinal epithelium in 
tho Chick increases a good deal in thickness, becoming two to three 
Inysrn of celln dewp, Certain elements in this thickening are promi- 
not; they aro dixtinguishable (fig. 210 C and o) by their richness 
{n protoplunm and by their large round nuclei, Because they stand 
in tho clowmt relation to the development of eggs, they have been 
dexignated nx primitive eggs by Watpzyer, who was the first to 
study them in detail, 
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Beneath the germinal epithelium there is to be found, even at that 
time, embryonic connective tissue with stellate cells (£), which are 
in an active state of proliferation, In this way there arises on 
the median side of the mesonephros the ovarian ridge, which is 
separated from the urinary tubules by # small quantity of embryonic 
connective substance, 

Changes similar to those of the Chick occur in Mammals, with 
this difference, that the ger- 
minal epithelium appears to 
attain a much greater thick- 
ness. 

Tn older stages of develop- 
ment the boundaries between 
the germinal epithelium, which 
is in process of rapid prolife- : 
ration and therefore exhibits Bag rere apenas agar odes 
nomerous figures of nuclear magnified. 
division, and the underlying A romn aere ead perigee 
connective tissue become less tive thane, 
and less distinct. This results 
from the simple fact that a 
process of mutual ingrowth 
now occurs betioven the epithe- 
lim and the embryonic con- 
nective tissue (fig. 214). I 
purposely gay a process of 
mutual ingrowth, for I leave ; 
it undetermined whether the EE 
germinal epithelium in con- =e paris an sens wren 
sequence of its development % Orum, the prrminastive rusicle (bb) of which 
grows into the embryonic con- bea ea asnepar eae’ — 
nective tissue in the form of 
cords and distinct groups of cells, or whether the connective tissue 
penetrates with its projections into the epithelium. Probably both 
tissues are actively enguged in the process, 

Tn tho phenomenon of intergrowth, which continues for a long 
time during development, two chiof stages can be distinguished. 

At first there arise from the germinal epithelium both slender and 
stout cords and balls of cells (figs. 214 and 215), which have received 
from the name of their discoverer the designation Prittazn’s egg-tubes. 
‘Occasionally these are joined to one another by means of lateral 
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branches, Together with the connective tissue separating them, they 
form the foundation for the cortex of the ovary. Afterwards they 
are covered over on the side toward the body-cavity with a thick 


thereby 
germinal epithelium (fig. 216 &.¢), which is still preserved, even after 
this, as a layer of cubical cells upon the albuginea. 

‘There ure two kinds of cells to be found in the Pflligerian ogg-tubes : 
JSollicular cells and primitive ova (fig. 215 f.2 andei). Concerning the 
source of the former opinions are still contradictory (compare p. 382) ; 
according to my view both arise from the germinal epithelium. 

Whereas the follicular cells become by means of an uninterrupted 
process of division more numerous and smaller, the primitive ova 
increase in size continually, and their nuclei become very large and 
vesicular and acquire a distinctly developed filar network (kd). They 
rarely lie singly in the cords and balla of follicular cells, but ordi- 
narily in groups, which are designated as egy-neats. One frequently 
observes in the nests, as has been announced by Batrour and van 
Benenes, that several primitive ova become fused into a common, 
multinuclear mass of protoplasm—a syncytium. From this there 
is afterwards developed usually only a single egg. One of the 
numerous nuclei soon outstrips the others in size and. becomes the 
germinative vesicle, whereas the remaining ones undergo degeneration 
and are dissolved. It is not to be concluded from these 
that the egg, as is occasionally asserted, corresponds to a multiple 
of cells; the condition is more properly to be interpreted as follows: 
of the eggs contained in a nest, one outstrips the others in its growth 
and thereby represses them and e 
nutritive material, for its own 


‘This fs a process that occurs very frequently in invertebrates, and in the 
phylum of the Arthropods has been studied with the greatest detail by 
WIEMANN. In theee cases—the lower Ci vi a 
‘step by step, ont of numerons primi 


from an early period Ing behind in development, then undergo 
+ and in the form of products of degeneration are taken up as yolk-material into 
the persisting egg-coll. 


During the enlargement of the egg-cell the second stage of the 
process of intergrowth of epithelium and connective tissue is intro- 
duced : the stage of the formation of the follicle (fig. 216). At tho 

“boundary between the medu'lary and cortical zones of the ovary the 
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surrounding connective tissue, carrying with it the blood-vessels, 
grows into the egg-tubes of Prutaer (¢sch) and the nests (¢.b), and 
divides them all into spheroidal bodies, the individual follicles (/), 
Each such structure contains a single ovum, that is enveloped on 
all sides by a layer of follicular cells, ‘The vascular connective tiasue 
that grows around it becomes the follicular membrane or theca 
folliculi, 

‘The resolution into follicles continually advances from the me- 





‘Tig. 216.—Part of a sagitts) section of aa ovary of w Child just born, after Warnnven. Highly 


magnitied. 

+e, Germinal epithelium ; «sh, Pratcen's egptobes; ws, primitive ore ying in the germalual 
epithelium ; <4, long Prutoxn’s tubes, in proces of being converted into follicles ; 
4b, eegrballe (nesta, ikewine in provem of buing rewlved into follicles ; f, youngest follicle 
alrwady isolated ; 9p, blood-vemelx 

Im the tabes and egg-nesta the primonlis! eggs are distinguishable from the smaller epithelial 
‘calle, the future follionlar epitheliusn. 


dallary substance toward the germinal epithelium ; however, there 
are preserved under it for a long time Pfliigerian tubes, which 
remain in connection with it by means of narrow epithelial cords 
(each) and contain eggs in process of development. 

‘The formation of new Pflligerian tubes and young ova is « 
process which continues in the lower Vertebrates throughout life, 
but in the higher appears to be limited to the period of embryonic 
development, or to the first years of life. In the first case, there 
Seing on unlimited capacity for the formation of new structures, 
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ege-germs are found, even in the adult animal, sometimes in the 
most widely separated parts of the ovary, sometimes limited to- 
definite regions of the gland. In the second case the period of 
forming primitive ova in the germinal epithelium bears a direct 
ratio to the total number of ova eliminated during the life of the 
individual. Thus Wauprver states concerning Man that in the 
Lace erg el ra betta Malan tie 


Papawaas: Man the number of ova contained in a single 
ovary is very great. They have been estimated to number in a 
sexually mature girl 36,000. In other Mammals the production of 
new ova appears to Inst longer, Pritcrr's tubes which were still 
connected with the germinal epithelium and contained small pri- 
mordial ova have been observed even in young animals (Dog, Rabbit, 
ete.) However, it bas been questioned whether we here have 
really new structures or only primitive ova that in their development 
have remained stationary. It is maintained by vax Beyeves with 
certainty for n few Mammals, eg., the Bat, that in the sexually 
mature animal Pritoen’s tubes and primitive ova still continue to: 
be produced from the germinal epithelium. 

Tn connection with the first formation of the follicle I will here 

some statements about its further metamorphosis. This is very 
ilar in the different Vertebrates, excepting Mammals, 

In most Vertebrates the follicle (fig. 216 f) consists at first of a 
small, centrally located egg-cell and a single layer of small follicular 
cells enveloping it, Soon both are more sharply separated from 
each other by means of a vitelline membrane, In older follicles 
both parts have increased in size, Tho follicular cells ordinarily 
grow out into long cylinders, and appear to play an important part 
in the nutrition of the egg. In many animals, ¢g.,in Sharks and 
Dipnoi, yolk-granules have been found in them, as in the egg itself, 
and it has been concluded from this, as well as from other phenomena, 
that the follicular cells take up nutriti 
cular follicular capsule, and pass it along to the egg. Such a method 
of nutrition is made easier by the fact that the vitelline membrane 
(fig. 5 =p) is traversed by tubules, through which the follicular 
cells (fs) send protoplasmic filaments to the egg. When the egg 
has attained its full size, the follicular calls lose their significance as 
nutritive organs and become more and more flattened. 

Tn the lower Vertebrates the mature ova are generally eliminated 
in great numbers all at once, frequently in the course of a few days: 
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or even hours, The discharge takes place by the rupture of the 
connective-tissue envelope, which causes the eggs to escape into the 
body-cavity, asin the Fishes and most of the Amphibia, After the 
elimination, the ovary, which up to fhis time was extraordinarily 
large and took up most of the space in the body-cavity, shrivels into 
a very small cord and now encloses only the young germs of ova, 
part of which are destined to mature during the next year. 

The formation of the follicle takes place in » somewhat different 
way in Mammals, The follicle originally contains, as in the remaining 
Vertebrates, only a single egg and a singlo layer of follicular cells, 
which are at first flat, then cubical, then cylindrical (fig. 216 f). 
For a long time these cells envelop the egg as a single layer, but 


> 


eee ge 





Fig.217 A and B.—Two stages (n the development of the Oraatian follicle, 4 with the folllealar 
fiaid tegianing to be formed ; # with a greater accumulation of it. 

4, Bea; f, tollicalar cells; fA’, follicular cells which envelop the ovam and constitute the 
discos proligerus; J, foilicalar fiaid (iquor folliculi); 7% folliowlar capwule (theca 
follienli) ; 2p, soma peliavida 





they then grow, undergo division, and are converted into a thick 
envelope of many layers. But the difference from the course of 
development described above becomes still greater, owing to the fact 
that a fluid, the liquor folliculi, is secreted by the proliferated 
follicular cells, and collects in small cavity at the side of the egg 
(fig. 217 4 ff’). 

In consequence of a considerable increase of the fluid, the originally 
solid follicle becomes converted finally into a large or small vesicle 
(fig. 217 8), which was discovered more than two hundred years ago 
by the Hollander Reoxmn pe Graay and was held to be the 
human ovam. The structure has also beon named aftor him the 
vraafian follicle, Such a follicle (fig. 217 B) now consists of (1) an 
outer connective-tissuo, vascular envelope (fk), the theca folliculi ; 
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(2) lying on its inner surface, an epithelium composed of many layers 
of small follicular cells (f=), the membrana granulosa ; (3) the liquor 
folliculi (#) ; and (4) the ovum (ei), which originally lay in the centre 
of the follicle, bat which has now been crowded to the periphery. 
Here, enveloped in a great mass of follicular cells (/2'), it causes an 
elevation of the wall,—the discus proligerus,—which protrudes into 


Si ae niacin aedenepe rege mo 
by a collapse of the Graafian follicle, which has then at- 

sined,in Man a diameter of about 5 mm. and causes an elevation 
Ekchmatane ot tenor, ‘The liquid of tho follicle flows out 
the rupture and at the same time carries away with it 

from the discus proligerus the egg, which comes first into the body- 
cavity, being surrounded by a smal] number of follicular cells, which 


Into the cavity of the follicle produced by the flowing out of the 
liquid an effusion of blood takes place from the ruptured blood-vessels 
in the vicinity. The blood coagulates, and, accompanied by « prolifera- 
tion of the adjacent tissue, is converted into the yellow body, or corpus 
Juteum, which is a characteristic structure of the ovary of Vertebrates, 
Both the follicular cells (membrana granulosa) which are left behind 
and the connective-tissue follicular capsule participate in this pro 
liferation. ‘The follicular cells continue to multiply, penetrate into 
the interior of the coagulum, and after a time bein to undergo 
degeneration and to be dissolved into a granular mass. Vascular 
outgrowths from the capsule penetrate into the yellow body, and 
at the same time there is an extensive emigration of white blood- 
corpuscles or Jeucocytes, wl likewise undergo fatty and granular 
degeneration at a later per 

It is of great importance e further development of the yellow 
body whether the egg set free is fertilised or remains unfertilised. 
For according as the one or t supervenes, the corpus 


a much greater size, | , the 
month of tear 


the coagulum of blood, are absorbed y the 
decomposed coloring matter of the blood 
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toidin crystals, which now give to the body an orange-red color, The 
connective tissue, originally with an abundance of cells, begins to. 
shrivel, as in the formation of a scar; asa result of these various 
processes of degeneration the yollow body, which projects beyond the 
surface of the ovary, begins to become considerably smaller, and is. 
finally converted into a firm connective-tissue callus, which causes 
a drawing in at the surface of the organ. 

When fertilisation has not occurred, the same 
and processes of growth it is true take place, but the false corpus: 
luteum remains very much smaller. This is probably due to 
the fact that the afflux of blood to the sexual organs is very much 
Joss when there is no fertilisation than in case pregnancy takes. 
place. 

In addition to the tubes of Prutcer,—which arise from the 
germinal epithelium and produce the primitive ova,—in most classes 
of Vertebrates epithelial cords of another kind and another origin 
enter into the composition of the ovary. As has been observed by 
various persons in Amphibia, Reptiles, Birds, and Mammals, there 
grow out from the Wolffian body, which lies in the immediate 
vicinity, epithelial shoots, the “sexual cords of the primitive kidney,” 
and these penetrate toward the developing ovary even as early as 


the beginning of the intergrowth between germinal epithelium and - 


connective tissue, They arise from the epithelium of the Malpighian 
corpuscles, as Baaus has shown for Reptiles, Horraaxy for Amphibia, 
and Semon for Birds’ In Mammals, in which at present their gub- 
sequent fate has been most accurately traced out, they then unite 
with one another into a network at the base of the fundament of 
the ovary, which protrudes as a ridge into the body-cavity, and, 
pursuing tortuous courses, grow into contact with the tubes of 
Pricer, Whereas in Mammals the cortex of the ovary is de- 
veloped out of the latter, the former share in the composition of 
the future medullary substance, and are on that account designated 
as medullary cords. Yn the vicinity of the follicle they remain solid, 
whereas the part near the primitive kidney acquires a cavity which 
is surrounded by cylindrical cells, 

‘The medullary cords exhibit in different species of Mammals. 
different degrees of development, as the comparative investigations of 
Hanz have established. In some animals, ¢.g., in the Pig and Sheep, 
they reach only to the base of the ovary, and therefore remain sepa~ 
rated from the tubes of Priilaze by a wide space; in others they 
grow out into the vicinity of the latter, and in part apply themselves 
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closely to them (Cat, Guinea-pig, Mouse, etc,), and take a very 
prominent part in the composition of the medullary substance. 

There are two antagonistic views relative to the significance of the 
sexual cords of the primitive kidney, or the medullary cords, in the 
formation of owe, According to Korurxer and Rover the medullary 
cords early fuse with the tubes of Pritorr and furnish to them the 
cells which become the follicular epithelium. The cells contained in a 
follicle would, according to this, come from two sources—the follicular 
cells would arise from the primitive kadney, the eggs from the ger- 
minal epithelium, Most embryologists dispute this. According to 
their observations the medullary cords only exceptionally extend close 
up to a follicle, in many Mammals they do not reach it at all; 
consequently not only the primitive ova bat also the accompanying 
follicular cells must be furnished by the germinal epithelium. I also 
favor the latter view, which appears to me to be best supported by 
the facts. But what significance the medullary cords have will be 
better understood when we have become acquainted with the develop: 
ment of the testis, to which we shall now proceed. 


(g) The Testis. 


T will at once state that our knowledge of the development of the 
‘testis is loss complete than that of the development of the ovary. 

‘The conditions appear to me to be the clearest in the nom-amniotio 
Vertebrata. Wo poswss here the pioneer researches of Semrzx and 
Baxrour on the Selachians, and of Horraaxy on Amphibia, All 
these investigators have, with one accord, come to the conclusion 
that the male sexual products, as well as the female, arise from the 
germinal epithelium of the body-cavity, In males also there is to 
be recognised in the region of the primitive kidney a special thickened 
‘Vand of tall epithelial cells, in which are imbedded larger cells with 
vesicular nuclei, the primitive spermatic cells, In the Sharks, the 
conditions of which IT shall make the basis of the further description, 
they form irregular cords of cells, the “ Vorkeimketten” of Semren 
(fig. 218 A). Out of these are developed small, spherical, follicular- 
like bodies (fig. 218 8), by the ingrowth of surrounding connective 
tissue into the cords, which are thereby divided up, 

‘Thus far, therefore, complete agreement exists in the development 
of both kinds of sexual products, But wherens in the case of the 
ovary one cell in each follicle increases in size and ix converted into 
the oyum, a like process does not take place in the male; hore the 
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follicle-like structures become hollow and thus converted into seminal 
ampuller, whose epithelia] cells gradually grow out into long cylinders. 
‘The greater part of these become seminal mother-cells, which by 
many repeated divisions are converted into sixty seminal cells, each 
of which is metamorphosed into a seminal filament. Since the 
filaments derived from each 
seminal mother-cell always z " 
arrange themselves parallel p 
to one another, it is easily 
understood why before the = 
attainment of complete 
maturity the seminal fila- 
ments are found united in 
great numbers into bundles, 
Whereas the testis, like 
the ovary, draws its specific 
histological components di- 
rectly from the germinal 
epithelium, it acquires its 
efferent ducts from the 
primitive kidney. As in 
the female, so also in the 
male, epithelial shoots, the 
sexual cords (genital canals 
of Hovyruaxs), grow from 
tho primitive kidney to- 
ward the testis; in the 
Amphibia they arise as 
proliferations from the 
cells of the wall of certain 
Malpighian corpuscles; in 
the Selachians, on the con- 
trary, they sprout out in a 
somewhat different manner 
from the ciliate funnels. 
Arrived at the base of the testicular ridge, they are joined together 
into « longitudinal canal, from which fine tubules are sent still 
farther into the substance of the testis, where they unite with the 
structures that tako their origin in the germinal epithelium. As 
figure 218 B shows, the efferent tubules (sc) in Selachians at 
first apply their blind ends to the ampulle, and enter into open 





‘Tom, long, after Seavex. Magnified 840 diameters 
There are to bo sonn cells with anisll nuolel and also primitive seminal cells which resemble primitive ova, 


‘530 diameters. 
‘us, Primitive sorninal call ; a, collecting tubule, whieb has attached Iteelf with ite blind end to the arpulla. 


Pig, £18 A—Pregerminal chain of calls (Vorksimketten) from the pregerminal ridge of an embryo Acanthias 
‘B.—Beminal ampalla from the pregerminal ridge of as embrys Acasthias 25 om, long, after Seacrrx. Magnitied 





of the testis in the higher Vertebrates. It is true that the presence of 
a germinal epithelium upon the surface of the mesonephros has also 
‘born established in this caso by Watperer for the male, but its 
participation in the fundament of the testis has been called in 


question. According to the original account of Wacperss, which 
is still defended by many investigators, especially by Kinttxen, the 
seminal tubules are morphological products of the primitive kidney, 
However, more recent researches, which it must be admitted do not 
yet harmonise with one another in all points, indicate that the 
development of the testis of Reptiles, Birds, and Mammals agrees 
with that of non-amniotic Vertebrates in the main outlines. In 
continuation of the work of Borwxaver and Kors, who it is true 
worked with incomplete methods of investigation, Brauy has recently 
maintained for Reptiles, Sewox for the Chick, Mrnatkovics and 
Jaxostx for the latter and for Mammals, that in the male also the 
epithelium begins to proliferate, penetrates into the depths 

of the testis, and furnishes the primitive seminal cells. The tubules, 
which according to Kontaxen and Waupeyer grow into the fanda- 
ment of the testis from the primitive kidney,—the sexual cords,— 
serve only for carrying away the semen. As stated by Braun for 
Reptiles, and by Son for the Chick, they sprout out from the 
opitholium of Malpighian corpuscles, as in the case of the Amphibia, 
Although according to these accounts the double origin of the 
substance of the testis, on the one hand from the germinal epithelium, 
om the other from the primitive kidney, can no longer bo woll 
called in question, nevertheless in the details ‘many conditions, 
which are still differently described in the higher Vertebrates, 
Before all else this point should be 

roportion do the epithelial cells 

furnished by the germinal epithelium and those by the primitive 
kidney share in the formation of the testicular substance! Are the 
tubules which ‘produce ihe semen formed. exclusively from germinal 
mother-cells which have this 

es latter indifferent colls from 


Thold it to be the more hea that he pbs pesseieng the semen, 
the tubuli seminiferi, are derived from the germinal epithelium; the tubuali 
recti and the rete testis, on the contrary, from the primitive kidney. 
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NAGEL has studied the development of the testis inhuman embryos. Accord- 
ing to his description also, there arise from the actively proliferating germinal 
epithelium numerous cords, in which large primitive seminal cells ure imbedded, 
‘The cords afterwards become the seminal tubules, In Man there prevails from 
the beginning, a4 NAGEL romarks, such a great difference between the two 
vexes, both in the form of the original germinal ridge and in the whole process 
of its differentiation, that one can recognise in the anatomical stracture of the 
sexual glands from a very early stage whether one has before him a male 
or a female, 


(A) Metamorphosis of the Different Fundaments of the Urogenital 
System into the Adult Condition. 


We have become acquainted in the preceding pages with the first 
development of the various parts which constitute the foundations of 
the urogenital system. These are (fig. 219) three pairs of canals 
—the mesonephric ducts (ug), the Miillerian ducts (mg), and the 
ureters (A2)\—and in addition « groat number of glandular structures. 
—pronephros, mesonephros (wn), metanephros (nm), and the sexual 
glands (kd), ovary and testis, 

It will be my task in what follows to indicate how the ultimate 
condition is derived from these embryonic fundaments. In this I 
shall limit myself, in the main, to Man, because we now have to do 
with more easily investigated, and in general well-known conditions, 

In a human embryo eight weeks old (fig. 220) the fundaments, 
if we neglect differences which are recognisable only by the aid 
of the microscope, are so similar in male and female as to be 
indistinguishable, 

All the glands lie at tho sides of the lumbar vertebrae: farthest 
forward the kidney (n), which is a small bean-shaped body; upon 
this lies the suprarenal body (nm), that at this time is dispropor- 
tionately large and is to be scen only on the left half of the figure, 

Somowhat lateral to the kidney one sees the primitive kidney (ten) 
‘as an elongated, narrow tract of tissue. It is attached to the wall 
of the trank by a connective-tissue lamella, a fold of the peritoneum, 
the so-called mesentery of the primitive kidney, In the middle of 
the gland it is rather broad, but above, toward the diaphragm, it 
is elongated into a narrow band, which Kénumer has described as 
the diaphragmatic ligament of the primitive kidney. Upon careful 
examination one also observes at the lower end of the primitive 
kidney a second fold of the peritoneum, which runs from it to the 
inguinal region (figs. 219 and 220 gh). It encloses a firm strand 
of connective tissue, a kind of ligament, that is destined to play a 

25 
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part in the development of the female and male sexual organs—the 


inguinal ligament of the primitive kidney. 


Tt subsequently becomes: 


in man the gubernaculum Hunteri, in woman the round ligament of 


the wlerus (ligamentum teres uteri). 


On the median side of the primitive kidney is found either the 


= 


ng", 
mg” 
~~ 
mg 
a 
gh 
we 
e 


testis or the ovary (kd), 
acconling to the sex of 
the embryo, both sexual 
organs still being at this 
time small oval bodies. 
They also possess me- 
senteries of their own, 
& mesorchium or meso- 
arinvm, by means of 
which they are con- 
nected with the root of 
the primitive kidney. 
As long as the sexual 
organs retain their posi- 
tions on each side of 
the lombar vertebra, 
the blood-vessels that 
supply them run in an 
exactly transverse direo- 
tion: the arteria sper- 
matica from the aorta 
to the ovary or the 
testis, the vena sperma- 
tica from the gland to 
the vena cava inferior, 

The various efferent 
ducts lie at this time 
close together at tho 
margin of the mesone- 
phric fold (fig. 219), the 


‘most anterior [ventral] being the Milllerian duct (mg). Farther back- 
wands toward the pelvis the ducts of both sides approwch the median 
plane (fig, 219), whereby the Milllerian duct (mg) comes to lie for 
certain distance on the median side of and then behind [dorsal of] 
the mesonephric duct (ug), so that altogether it describes around the 
latter a kind of spiral course. When thoy reach the lessor pelvis, 
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the four ducts are united behind the bladder (467) into a fasciclo, the 
genital cord ; this union is due to their becoming surrounded by the 
umbilical arteries—which have at this time attained a large size, and 
which run from the aorta on both 
sides of the bladder up to the 
umbilicus—and to their being, as 
it were, tied up into a bundle by 
them, In a cross section through 
the genital cord (fig. 228) we find 
the mesonephric ducts (ug) some- 
what more anterior [ventral] and 
at the same time farther apart 
than the Miillerian ducts (mg), 
which are a little behind them 


and pressed quite close together 
in the median plane. 

In older embryos there arise 
in the evolution of the urogenital 
system differences between the 
two sexes which are visible even 
externally and which become 


Pig, 220.—Urinary and sexual organs of ® 
human embryo 6 weeks old, afver Kilt 
LIKER. Magnified abont 3 diameters, and 
‘wen from the ventral aide. 

nm, Right smprarenal body; wa, prisnitive 
kidney; m, kidney; wag, mesonephric 
duet ; gh, Husren's disective or inguinal 
Ligament (guberesentar Honteri ar the 
wwentam uteri rotunda); wi, rectnm ; 
4 bladder ; def, sexual gland, 





more distinct from month to 

month, These result from fundamental metamorphoses, which the 
whole apparatus continually undergoes in its separate parts. In 
connection with this some originally quite large fundaments undergo 
almost complete degeneration; of those which remain some are 
serviceable only in the female, others only in the male; when not 
employed, they disappear. Moreover the conditions which were 
referred to at the beginning of the description are extensively altered 
by the fact that the sexual organs surrender their original position, 
on either side of the lumbar vertebre, and move farther downward 
into the pelvic cavity. 

L describe first the changes in the male, then those in the female, 





(A) The Metamorphosis in the Male, Desoenaus testioulorum, 


Whereas the testis (figs. 221 and 222) by conglomeration of the 
seminal tubules becomes a bulky organ (A), the mesonephros (ni+pa) 
is retarded in its development more and more, and is at the same 
time differently metamorphosed in its anterior and its posterior 
portions, The anterior or sexual part of the primitive kidney (nh), 
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which has come into communication with the seminal tubules by 
means of individual canals, in the manner previously described, and 
has thereby furnished the rete teetis and the tubuli recti, is converted 
into the head of the epididymis, It exhibits in the tenth to the 
twelfth week from ten to twenty short transverse canals, which are 
now to be designated as vasa efferentia testi, They unite in the 
mesonephric duct (fig, 222), which continues to have a straight 
course, and has now become the seminal duct (el, vas deferens), 
During the fourth and fifth months the individual canals begin to 
grow in length and thereby to become tortuous, The vasa efferentia 
in this way produce the coni vasculosi, 
which are at once the initial part of 
the vas deferens and the tail of the 
epididymis, 
Incidentally let it be stated that near the 
bladder, there arises in the third month a 


‘emall evagination, which becomes the seminal 
vesicle (bl). 


‘The posterior region of the primitive 
kidney (pa) degenerates into very in- 
significant remnants, In older embryos 


one still finds for o time, between vas 
wee deferens and testis, small, tortuous 
primitive kidney); #, vesdeferems canals, usually blind at both ends, be- 

Oe i catia at waam’?: tween which degenerated Malpighian 

tiene, corpuscles also occur. The whole forms 

a small yellow body, In the adult these 
remnants are still farther reduced; they produce on the one hand 
the wasa aberrantia of the epididymis, and on the other the organ 
discovered by Graannks, the paradidymis, The latter consists, 
according to Hesue's description, of a small number of flat, white 
bodies, lying in contact with the blood-vessels of the seminal cord, 
each of which is a knotted tubule blind at both ends; each tubule is 
lined with an epithelium containing fat, and is enlarged at its blind 
ends into irregularly lobed vesicles. 

‘The Miillerian ducts (fig. 222 mg) do not acquire in the male any 
function, and therefore, ax useless structures, undergo degeneration > 
the middle region in fact usually disappears without leaving a trace 
although it has beon for a timo during embryonic life demonstrable as. 
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an epithelial cord. Gasser indeed observed a radimentary canal of 
considerable extent at the side of the vas deferens in a recently born 


male child, Certain 
rudiments of the ter- 
minal portions, on 
the contrary, are pre- 
served even in the 
adult individual, and 
in descriptive anato- 
mies are called uterus 
masoulinus (um) and 
non-stalked hydatide 
of the epididymis(hy). 

The posterior ter- 
minal parts of the 
two Miillerian ducts, 
which lie close to- 
gether enclosed in 
the genital cord, are 
modified into the 
uterus — masculinus 
(um). Owing to the 
disappearance of the 
partition separating 
them, they are united 
into a single small 
sac, which is situated 
between the openings 
of the two vasa de- 
ferentia at the pro- 
stata and therefore 
still bears the name 
of sinus prostatious 
Extraordinarily —in- 
conspicuous in Man, 
it acquires in many 
Mammals, in Carni- 
vores and Ruminants 


a FEesS ated Fs 


Sk 





Fig. £28.—Diagram to Mlustrate the development of the male 
sexual organs of a Mammal from the indifferent funda- 
ment of the Gries system, which is diagrammatically 
represented in fig, 219. 

‘The persistent parte of the driginal fundament are invicated 
1by continnous Finer, the parte whieh undergo degeneration 
Dy dotted lines. Dottest lines are also employed to show 
‘the position which the male ecxual argans take after the 
completion of the descensus texticntorar. 

1, Kidney ; A, testle; wh, epididymis; pa, paradidymis; by, 
ydabid of the epididymis ; , vas deferens ; mp, degenerated. 

um, ateros masclinus, remnant of the 

qubernaculum Huntert ; Af, ureter ; 

Av Ite opening into the bladder ; st, vexioulm seminales ; 

‘ABE, urinary blader ; ADC its upper tip, which is continuone 

with the Hgamentam vesico-umbilicale medium (urachus) ; 

‘Ar, urethra ; pr, prostate ; dej, external orifioe of the ductus 








,M, aE indloate the peaition of the several organs 
after the descent has taken place, 


(Weser), a considerable size, and is differentiated, as in the female, 
into a vaginal and a uterine part. In Man it corresponds chiefly 
to the vagins (Tounxgvx). 
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‘The non-stalked hydatid (hy) is developed out of the other end 
of the Milllerian duct. It is a small vesicle that rests upon the 
epididymis, is lined with ciliate cylindrical epithelium, and is continued 
into a small, likewise ciliate canal. At one place it possesses a funnel- 
shaped opening, which has been compared by Wanpeyer to the 
pavilion of a Fallopian tube in miniature, 

Tn order to complete the account of the development of the sexual 
organs, there still remain to be mentioned the important changer 
f position which the testis together with the attached rudiments 
undergoes. Since early times, these have been embraced under the 
name of deacenaswa testiculoruim. 

Originally the testes (fig. 222 A) lie, as previously stated, in the 

cavity at 
the side of the lumbar 
vertebrs, In the 
third month we find 
them already in the 
greater (false) pelvis, 
in tho fifth and sixth 
on the inner sido of 
tho anterior wall of 
tho abdomen close to 
the inner abdominal 


Pig, A. —Sumen embryo ofthe th month, after BaAMAm. ving (ig. 223). In 
a " = re defores » consequence of these 

i, badder wit i. eadonsbiate medias | Shanges the noariiie 
ing blood - vessels, 

which at first ran transversely, have altered their direction and now 
pass ext from below upward, because their original, place of 


» 22 which puts the primitive 
kidney, or, when this hi tis, into connection with 
the inguinal region. -in the meantime become a 
strong connective-tisse 

‘head of the epididymis (nh); its 
Tomi 6c ten vocone al wall to be inserted into the 
corium of the inguinal region. Apparently this gubernaculum plays 
a part in the migration of the sexual organs. Formerly it was be 
lieved that it exercised a traction upon the testis, in which connection 
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attention was directed to the non-striate muscle-fibres contained in 
it, or a shortening of the connective-tissue cord by gradual shrinkage 
was assumed. But it is impossible for this very important chango 
in position to have taken place in that manner, One therefore 
rightly seeks to explain the agency of the ligament in another way, 
without assuming an active shortening or a traction exercised by 
muscular action. We have to do here simply with processes of 
unequal growth. When, out of several organs originally lying beside 
one another in the same region of the body, certain ones in later 
mouths of embryonic life increase in size less, while others, on the 
contrary, grow extraordinarily in length, the natural consequence is 
that the more rapidly growing parts are shoved past those that grow 


Frey 
Hee 





‘Tig. 224. —Two diagrams to (lustrate the deseeneus and the formation of the envelopes of the 
eatin. 
4, The tevtla Hes in the vicinity of the nner abdominal xing. B, The testie has entered the 


‘scrotum. 

1, Skin of the abdomen ; 1, scrotum with tuniea darton; 2, superficial abdominal fascia ; 2, 
Coorne’s fascia; & musledayer and fascia transverm abdominis; ¥, tunica vaginalis 
communis with crewaster ; 4, peritoneum ; 4, parietat layer of the tunica vaginalis propria 
4°, peritoneal investment of the testis or visceral layer of the tanios vaginalis propria. 

fr, Tngainal or attominal ring ; A, tentle ; #4, vas deferens, 


more slowly. If, now, in the present case the skeletal parts and 
their accompanying muscles in the lumbar and pelvic regiona become 
elongated, while the Hunterian ligament does not grow and there- 
fore remains short, the latter neceasarily—because one of its ends 
is attached to the skin of the inguinal region and the other to the 
testis—draws down the testis as the movable part; it draws the 
testis at first gradually into the cavity of the false pelvis, and finally, 
when the other parts have become still larger, when at the same 
time the abdominal wall has become much thicker, into the vicinity 
of the inner abdominal ring (fig. 223). 

‘The testis migrates still farther in consequence of a second process, 
which begins even in the second month. For there is formed at the 
place where Huwren’s ligament traverses the wall of the abdomen 
an evagination of the peritoneum, the processus vaginalis peritonet 
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(fig. 224 4), This gradually penetrates the abdominal wall and 
enters into a fold of the skin, which is developed in the pubic region, 
a8 will be shown in a subsequent section (see fg. 231 gw), The 
opening of the hernia-like evagination, which lends into the 
cavity, is called the inner inguinal [abdominal] ring (ir); the portion 
which traverses the musculature of the abdominal wall, the inguinal 
canal; and the blind end which is expanded within the dermal fold, 
the scrotum. 

In its migration the testis (fig. 224 2) also sinks down into this 
peritoneal fold, whereby it remains undetermined whether Huwren's 
ligament exercises an influence on it or not. The entrance into the 
inguinal canal usually takes place in the eighth month, into the 
scrotum in the ninth month, so that at the end of embryonic life 
the descent is, as a rule, completed. The canal then closes by 
fusion of its walls, and thereby tho testis comes to lie in a snc 
constricted off from the abdominal cavity and enclosed on all 
sides, 


The various enveloping structures of the testis also become intelli- 
gible from tho sketch of the development just given, Since the 
cavity which shelters it is simply a detached portion of the body- 
cavity, it is, as ® matter of course, lined by peritoneum (fig. 224 ,'). 
This is the so-called tunica vaginalis propria, on which, as on other 
regions of the peritoneum, we have to distinguish a parietal layer 
,') lining the wall of the ac and a visceral layer (,") investing the 
testis. Outside of this follows the tunica vaginalis communis (j!) ; 
it is the evaginated, and at the same time extraordinarily attenu- 
ated, layer of muscles and fascise (:) of the abdominal wall. Con- 
sequently it also contains some muscle-fibres enclosed in it, which 
are derived from the musculus obliquus abdominis internus, and 
constitute the suspensory muscle of the testis or cremaster. 

In the descensus testiculorum, which should normally be com- 
pleted in Man at the end of em if, interruptions may, under 
certain circumstances, occur and produce an abnormal location of the 
testis, which is known under the name of eryptorchism, The descent 
remains incomplete, Then the testes of the recently born child are 
dither found to be located in the body-cavity, or they still stick fast 
in the wall of the abdomen, in the in; canal. 
the scrotum fools small, flabby, and 

Such anomalies are designated as inkibition-malformations, because 
they are explained by the fact that the processes of development 
have not reached their normal termination, 
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(B) The Metamorphosis in the Female. Descensus ovariorum. 

‘The metamorphosis of the primitive embryonic fundaments in the 
female is in many particulars the opposite of that in the male, inas- 
much as parts which are made use of in the latter become rudi- 


mentary in the 
former, and 
vice versed (com- 
with one 
another the 
diagrams 
shown in figs. 
219, 222, and 
225), Whereas 
in man the 
mesonephric 
duct becomes 
the vas defer- 
ons, in woman 
the Millerian 
duct (fig. 226 
4, ut, eck) as 
sumes the fune- 
tion of conduct- 
ing away the 
‘ova, while the 
mesonephric 
duct (ug) and 
the primitive 
kidney (ep, pa) 
become rudi- 
mentary. 
The prone- 
phric duct in 


= 


EeGnfiae « 


s 





the tesrale sexual organs take after the completion of the desoenms, 

, Kidney; 4, ovary ; «, epodpheren ; ps, paroophoron ; Ay, hydatid ; 
{, Fallopian taba (oviduct) wg, mmnephrie duce ot, clara ch, 
vagina ; Ad, ureter ; Abi, urinary bladder ; AM’, ite upper tkp, while 
te continuous with the ligamentum vesioo-aistétloale medinin : Ar, 
sarethra; wr, vestibulum vaginwe; rm, rowed ligament (inguinal 
Ligament of the primitive kidney) ; lo’, ligarsentarn ovaril. 

‘The letters (, «p’, «, do! Indicate the positions of the organs after the 
escent, 





advanced human embryos of the female sex is still demonstrable as 
an inconspicuous structure in the broad ligament and at the side 
of the uterus; in the adult it has, as a rule, ontirely disappeared, 
except the terminal portion, which is enclosed in the substance of 
the neck of the uterus, where it is distinguishable, but only by 
means of cross sections, as an extraordinarily narrow tubule (Bercrn, 
H. Donaxs), In many Mammals, as in Ruminants and Swine, the 
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mesonephrie ducts persist even later in a rudimentary condition, an® 
are here known under the name of Gantxxn’s canals. 

There ave to be distinguished on the degenerating primitive kidney, ax 
in Man, an anterior and a posterior region (Waupryen). 

The anterior region (figs. 225 ep, 226 ep), or the sexual part of the: 
primitive kidney, which in the male becomes the epididymis, is also 
retained by the female as an organ without function and here 
becomes the parovarium (ep), which was first accurately described by 
Kosexr (the parovarium or epotphoron of Wanoryen). It lies in 

the broad ligament (fig. 226) 
_ between ovary (¢i) and Millerian 
duct (¢), and consists of a longitu- 
dinal canal (vg), the remnant of 
the upper end of the mesonephric 
duct, and of ten to fifteen trans- 
verse tubules (ep). The latter 
have at first a straight course, 
but afterwards become tortuous * 
(fig. 227 ep), in much the same 
way as the canals which in the 
male are converted into the cont 
vasculosi. The comparison be- 
tween parovarium and epididy~ 


mis may be carried still further, 
As in the male tubules grow out 
from the latter into the cortex 
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degenerating vascular glomeruli (wk). Certain canals and eyst-like 
structures, which are often found in the broad ligament of the adult 
close to the uterus, are to be referred to it. 

The two Mullerian ducts (fig. 219 mg), which from the beginning 
lie in the margin of the peritoneal fold that serves for the reception 
of the ovary and subsequently becomes the broad ligament, undergo 
a very profound metamorphosis. It has already been mentioned 
that as they enter the lesser or true pelvis they approach the median 
plano, and are joined to the genital cord, We can therefore dis- 
tinguish in them two different regions, one enclosed in the genital 
cord, the other lying in the margin of the broad ligament. The 





Fig, £27.—Broad ligament with ovary and oviduct in the adult condition, aeen from behind. 

4, Ovary ; ¢, oviduct ; 1, ontinm atdominale tubs with Gite; fo, funbrise ovaril; 1.0, Higa 
‘mentata ovarit ; 2, & portion of the peritoneal investment is dimeeted away, In order to 590 
‘the epouphioron (ipirovarinin), #9. 






latter becomes the oviduct (the tuba Fullopis) with its funnel-shaped 
beginning (figs. 225 ¢ 226, 227 4, ¢'), The anterior end of the 
Miillerian duct, which in the embryo reaches far forward and is 
here enclosed in the diaphragmatic ligament of the primitive kidney, 
appears in the meantime to degenerate, whereas the permanent 
opening (figs. 225 ¢and 226 ¢') is probably an entirely new formation, 
Monaaosr's hydatid (fig. 225 hy) is perhaps to be referred to the 
anterior rudimentary part—the conditions here have not yet been 
made entirely clear, This structure is a small vesicle, which is joined, 
by means of a longer or shorter stalk, with one of the fimbria of the 
funnel-shaped end of the oviduct. 

Out of the part of the Miillerian ducts enclosed in the genital 
cord (fig. 219 my) are formed the wterus and the vagina (fig. 225 ut 
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and sch), as Tarerscn and Kixnixer have shown for Mammals, and 
‘as Donry and Tovrxevx er Lecay afterwards showed for Man, 
Their formation is accomplished by a process of fusion, which in 
Man is effected in the second month. When the Miillerian ducts 
(fig. 228 mg) are closely pressed together, the partition between them 
‘becomes thin and breaks through—at first in the middle of the genital 
cord, Thus there is developed out of them by an extension of this 
process a single sac (the sinus genitalis), which is also established in 
the male as a rudimentary organ, the previously mentioned sinus 

or uterus masculinus (fig. 222 we). In woman it begins 
to be differentiated in the sixth month into uterus and vagina, The 
upper portion, which receives the oviducts, acquires very thick, 
muscular walls and a narrow lumen, and is Hmited below by a re- 
entering ring-like ridge—that becomes the vaginal portion [of the 
uterus}—from the lower portion, the vagina, which remains spacious 
and posseses a thinner wall, 

Similarly to the testis, the ovaries also have to pass through a con- 
siderable change in position: the descensus ovariorum (fig. 225 ei’, t'), 
which corresponds to the descent of the testes, In the third month 
of embryonic life, at the time when the primitive kidney begins to 
disappear, the ovaries move from the region of the lumbar vertebre: 
down into the false pelvis, where they are found medianwards from 
‘the musculus psoas, Probably the above-described inguinal ligament 
of the primitive kidney (fig. 225 rm), which is not wanting in the 
female, participates in the change of position in this case also, As 
‘Wiroer has recently shown, the ligament is differentiated into three 
distinct regions by the fact that it acquires a firm union with the 
Milllerian ducts at the place where they meet to form the sexual 
cord, The uppermost region becomes a strand of non-striate muscle- 
fibres, which, arising from the parovarium, is imbedded in the hilas 
of the ovary. This is continuous with the second region, or the 
ligamentum ovarii (Jo’), and the 1: ‘ith the round ligament (rm) 
(ligamentum teres uteri). The ligament, produced from the 
third und most developed region of the inguinal ligament, extends 
from the upper end of the genital cord to the inguinal region. Here 
there is usually, as in the male, a small evagination of the peritoneum, 
the processus vaginalis peritonei, which occasionally persists even in 
the adult as the diverticulum Nuckii, and then may likewise be the 
cause of the formation of an inguinal hernia in the female. At this 
place the round ligament passes through the wall of the abdomen 
and ends in the external skin of the Inbia majora. 
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In its last stages the descent in the female is accomplished in 
a manner different from that in the male, For instead of advancing: 
like the testes toward tho inguinal region, tho ovaries, when the 
development is normal, sink down instead into the true pelvis, Hero 
they are enclosed between bladder and rectum in the broad ligament, 
which is developed out of the peritoneal folds, and in which originally 
the primitive kidneys, the ovaries, and the Miillerian ducts are 
imbedded. 

Naturally the round ligament cannot be of influence during this. 
last stage of the descent in the female, because it can exercise a 
traction only in the direction of the inguinal region, where it is 
attached. The descent into the true pelvis seems rather to be due to: 
the conversion of the lower region of the Miillerian ducts into the 
uterus, At any rate, the ovaries are joined to the uterus by means 
of a firm cord of connective tissue, 
the ligamentum ovarii. een 

Tn rare cases in the female the 
ovaries can continue to change their 
position in a manner corresponding 
to that in the male. They migrate 
then toward the inguinal region up 
to the entrance into the processus — — 
vaginalis (diverticulum Nuckii); oc- 7H 27%--trom ection theagh the genie 
casionally they here cease toadvance, The crom section shows the fusion of the 
but sometimes theyenter farther into meio doa isn seeeears 
the abdominal wall through the in- 
guinal canal; indeed, as has been observed in several instances, they 
can pass quite through the wall of the abdomen and at Inst imbed. 
themselves in the labia majora. The latter then acquire a groat 
similarity to the scrotum of the male. 





(8) The Development of the External Sexual Organs. 


The section which deals with the urinary and sexual organs is 
really the most suitable place at which to introduce the development 
of the external sexual organs, notwithstanding they do not. arise 
from the middle germ-layer, but in part from the outer and in part 
from the inner germ-layer. In order to give an exhaustive account 
of them, we must go back to rather early stages of development— 
tothe time when in the embryo the Wolffian and Miillerian ducts 
are established. Having first arison in the most anterior part of the- 


‘The terminal part of it 
which receives the Wolffian 
and Miillerian ducts is 
called sinus wrogenitalix 
(fig. 219 sug and 229 ng), 


astructure which will often 

urogenital organs of a demand our attention in 

Hammal at enarly stage after AutzxTuoMONS considering the davelop- 
ment of the external sexual 


organs. 

The sinus urogenitalis 
and the hind gut unite 
to form a short, unpaired 

region, the cloaca (fig 229 
1 ef), a small depression 
which opens out at the 
surface of the body and 

in very many Vertebrates—in the A: 
the lowest Mammals, the Monotremes—persists throughout life, 
In tho remaining Mammals, however, these structures have only 
an embryonic existence. In the first case all the olimination- 
products of the body are conducted to the outside through the 
cloaca,—out of the hind intestine the fecal musses, out of the 
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sinus urogenitalis the urinary fluid and the male or female sexual 
nots. 

As far as regards the special conditions in Man, the allantois 
remains in his case very small (fig. 132, 5 af) and possesses a lumen 
in the region of the body-cavity on/y, whereas in the ‘umbilical cord 
and between the remaining fetal membranes only its connective- 
tissue part, together with the blood-vesels, which shares largely in 
the development of the placenta, grows further, In the second 
month its hollow part, lying on, the front wall of the abdomen, 
becomes a spindle-shaped body (fig. 229 4). Its middle enlargement 
becomes the urinary bladder (,), its upward prolongation, which 
reaches to the navel, is called urachus (,), the other end (ug) is the 
sinus urogenitalis. The urachus degenerates during embryonic life and 
farnishes a connective-tissue cord, the ligamentum vesico-umbilicale 
medium, which extends from the apex of the bladder (fig. 219 Abt’) 
to the navel, and often in the first years after birth still contains an 
€pithelial cord, a remnant of the original epithelial canal. 

As is well known, the ureters (figs, 229 5 and 219 A/') in the adult 
open close together at the posterior surface of the urinary bladder 
(2294). In vory young embryos this is not the case at first, for the 
two ureters arise from the posterior part of the mesonephric duct, 
and this opens into the sinus urogenitalis. But this condition is 
soon altered. The ureter splits off from the mesonephrie duct, 
and comes to open independently into the posterior wall of the sinus 
urogenitalis, from which it afterwards becomes gradually removed, 
since its orifice, as it were, creeps higher up on the posterior wall of the 
bladder. Like the change in the position of the sexual glands, we 
must also conceive of this shifting as produced by processes of growth 
in such a way that especially the tract between mesonephrie duct 
and ureter, which is at first small, increases in size, and thereby 
produces the apparent upward migration of the opening of a 
ureter. 

In the sixth week the cloaca in Man undergoes alterations which 
are connected with the development of the external sexual organs. 
‘The cloacal depression, which in earlier stages (fig. 230 A) appears 
fissuro-like, afterwards becomes (fig. 230 8) surrounded by a ring- 
like fold, the genital ridge (gw), and there also arises in its anterior 
portion growth of connective tissue, which produces the externally 
protruding genital eminence (gh). Along the lower surface of the 
latter there is formed at thesame time a groove (gr), which extends 
downward to the clouca, of which it is, as it were, the continuation, 


more, and thereby becomes converted into the genital member, which. 
‘by both sexes in the same condition; meanwhile 


folds (gf). (Compare also the diagrams fig. 219 ghd, gw, @ and 
fig. 229 ep, 1, el.) 

‘Alterations follow (fig. 231 Af and W) by which the closea is 
differentiated into two openings, one lying behind the other, the anus 
(a) and the separate urogenital opening (ug). The deep partition 
(fig. 229) by which the sinus urogenitalis and the rectum are separated: 
from each other begins to grow outward, and at the same time folds 
also arise on the lateral walls of the cloaca and unite with it, Thus 
a membrane (fig. 231 d) is developed which separates a posterior 
opening (a), the anus, from an anterior opening, the entrance to 
the sinus urogenitalis (wg). Inasmuch as this partition continues to- 
become thicker up to the end of embryonic life, it finally crowds the 
two openings far apart and forms between them the perineum (fig. 
231 M* and W* d). In this way tho anus (a) moves entirely out of 
the territory of the previously mentioned genital ridge (fig. 230 gw). 

From the fourth month onward great differences arise in the develop~ 
ment of the external sexual parts in male and female embryos. 

In the female (fig. 231 W and W*) the metamorphoses of the 
originally common embryonic foundations are on the whole only 
slight; the genital eminence grows only slowly and becomes the 
female member, the clitoris (cl). Ite anterior end begins to thicken. 
and to be marked off from the remaining part of the body as the glans. 
By a process of folding in the integument there is developed around. 
it (fig. 231 W* wh) kind of foreskin (the preputium clitoridis), 
The two genital folds (1 gf), which have bounded the groove on the: 
under surface of the genital knob, take on a more vigorous develop- 
ment in the female than in the male, and are converted into the /abia: 
minora (W* kech), ‘The space between them (IF ug), or the sinus 
urogenitalis, which receives the outlet of the urinary bladder and 
the vagina developed by the fusion of the Miillevian ducts, is called 
the vestibulum eagine: (W* ve). Tn the female the genital ridges: 
(W gw), owing to the deposition y 
minous, and are thus converted into le 

‘The corresponding fandaments pass through much more essential 
metamorphoses in the male (fig. 231 1 and M*). By an extra 
ordinarily vigorous growth in length the genital eminence is. 
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‘Figs. 280 and £31.—Bix stages in the development of the external sexual organs in the male and 
the female, after the Boxea-Zivotcn wax models. 

Pig. £90 4 and B.—Two stages in which « difference of the sexes ls not yot to be recognised, 
‘B feom an embryo 5 weeks old. 

Pig. 221.-—The two stages Mand M* exhibit the wetamorphoals of the original fundament in 
‘the male fn embryos 2} and 3 months old respectively, The stages WV and W* present the 
motamorphouts in the female (2} and 4} montha), 

‘The same designations are used for all of the figures. 

, Posterior paired extremity ; els, clouca; ph, genital eminence ; g/, genital fold; gr, genital 
seroore ; pm, genital ridges ; gy, glans penia ; el, clitoris ; «f, perineum ; #, aus ; wp, entrance 
0 nints Urogenitalis or vestibulum raginan vestibulum vaginw ; pf, Coreskein (preyace) » 
Aa, scrotam 5662 y, raphe perinel and seroth : geet, abla ninjora ; tack, Jabla minora, 


26 
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converted into the male member, or the penis, which corresponds to 
the clitoris of the female. Like the latter, it possesses an anterior 
knob-like enlargement, the glans (f gp), which is embraced by a 
fold of the skin, the preputium (4/* ch), The sinus urogenitalis, 
which in the fomale remains short and broad as the vostibalum 
vagine, is in the male converted by a process of fusion into n long 
narrow canal, the urinary tube or wrethra. ‘Thix results from the 
fact that the farrow on the under surface of the genital protuberance 
(Af gr) becomes elongated during the development of the latter and 
at the same time deeper, and that the sexual folds (gf) bordering it 
protrude farther, coming into immediate contact along their edges 
(Af*) a5 early as the fourth month, and begin to fuse together. 

‘The posterior end of the urethra early (second month) undergoes 
changes by which the prostate (fig. 222 pr) ix formed. The walls 
become greatly thickened, acquire non-striate muscular tise, and 
constitute a ring-like ridge, into which evaginations from the epi- 
thelium of the tube penetrate, and by their branchings furnish the 
glandular portions of the organ. On its posterior wall are found, as 
is well known, the openings (dej) of the vasa deferentia, and between 
them the sinus prostaticus or uterus masculinus (wm), produced by 
the fusion of the Miillerian ducts. 

The genital ridges (fg. 231 Mf gw), which in woman become 
the labia majora, also undergo a fusion in man. They surround 
the root of the ponis and then fuse in the median plane, where 
the place of union is indicated afterwards by the so-called raphe 
seroti (M*r). Into the scrotum (Af* he) thus formed the testes, 
toward the end of embryonic life, migrate, as previously described. 

From the fact that originally the external sexual parts are con- 
stituted exactly alike in both sexes, it is evident why, with a 
derangement of the normal course of development, forms come into 
existence in which it is sometimes extremely difficult to determine 


‘asin the male), or that in a t process of development has 
suffered an early interruption, and thereby led to formations which 
are similar to the female genital 

As far as regards the first kind of malformations, the genital 
eminence in the female occasionally assumes such a size and form 








THY ONGANS OF THE MIDDLE GERM-LATER. 403 


that it resembles in every particular the male organ. The resem- 
blance may become even greater, when the ovaries migrate into the 
inguinal region instead of the true pelvis, pass through the wall of 
the abdomen, and become imbedded in the labin majora, In con- 
sequence of this the latter lie upon the root of the lange clitoris and 
simulate a kind of scrotum. 

‘The malformations which have given occasion for the assumption 
of hermaphroditism are of more frequent occurrence in the male, 
‘They are attributable to the fact that the processes of fusion which 
normally take place are interrupted. We then have a genital 
member, which ordinarily is rudimentary, along the under side of 
which there rans only a furrow instead of the urethra, a malforma- 
tion which is designated as hypospadias, With this morphological 
deficiency may be united, secondly, an arrest of the normal descent 
of the testes. The latter remain in the body-cavity, and the genital 
ridges thus acquire a great similarity to the labia majora of the female. 


Til. The Development of the Suprarenal Bodies. 


‘The discussion of the suprarenal bodies best follows that of the 
urogenital system. For, aside from the fact that the suprarenal 
bodies and the genito-urinary organs are in all Vertebrates very 
closely connected spatially, they also appear to stand in very close 
relation to each other in the history of their development, At least 
the recent investigations of Wetpox, Janostx, and MimatKoyics 
point that way, and are perhaps also sullicient to suggest the direction 
of the physiological research by which one can acquire an explanation 
concerning the ever problematic function of these bodies. 

As is well known, there are to be distinguished in the suprarenal 
bodies two different substances, which in Mammals are described, 
according to their mutual relations, as medulla and cortex, Most 
investigators ascribe to them @ double origin. Batyour, Brau, 
Kouuxker, and Mirsvcvnt make the medulla arise from the gang- 
lionic fundaments of the sympathetic nerve-trunk (Grenzstrang),—it 
is for this reason that in many text-books the suprarenal bodies are 
treated of in connection with the sympathetic,—bat Gorrscuau and 
Jaxostx controvert this; they maintain that only certain ganglionic 
cells and nérve-fibres grow in from the sympathetic, but that the 
real medullary cells ariso by a metamorphosis of cortical cells, It 
appears to me from the existing investigations that the question is 
not ready for discussion 
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‘There are also two different interpretations concerning the develop- 
ment of the cortical substance, Batroua, Baaus, Buunx, and Mir 
suxurt derive it from accumulations of conneetive-tisie cells, which 
are formed at the anterior portion of the primitive kidney along the 
course of the inferior vena cava and the cardinal veins. According 
to Jaxosrk, WeLpox, and Mratxovics, on the contrary, the cell- 
accumulations are either directly or indirectly formative products of 
tho epithelium of the body-cavity. I say “direct or indirect" because 
in details the results of the three investigators named differ somewhat. 
According to Janostx and Mima.kovics, it is the germinal epithelinm 
in the anterior portion of the genital ridge that furnishes by its 
proliferation the material for the. suprarenal body. MrtanKovics 
therefore calls it “‘a detached part of the sexually undifferentiated 
genital gland, which consequently remains at a primitive stage of 

” Wexpox, on the contrary, brings the suprarenal 
body into relation with the most anterior part of the primitive 
kidney. According to his representation, which appears to me to 
deserve especial consideration, and from which indeed other researches 
will have to begin, the sexual cords of the primitive kidney are concerned 
in the formation of the suprarenal bodies, When, at the head-end of 
the kidnoy, they sprout out of the epithelium of the Malpighian 
glomerulus in the manner previously (p. 383) described, they divide 
into two branches. One of these grows ventrally into the fundament. 


of the sexual gland, the other turns dorsally and spreads out in the 
vicinity of tho vena cara. 
Moreover, even Mimanxovies describes a connection of the sexual 
cords with the fundament of the suprarenal body at certain places, 
mal i A aa 


the suprarenal body (mn) is 
to ba seen in its normal position, whereas on the right it has been 
removed to disclose the kidney (n). Afterwards its growth does nob 
keep pace with that of the kidney ; however at birth (fig. 208), when 
it already rests upon the latter (m) as a crescentic body (nn), it still 
is larger in comparison with the kidney than it is in the adult, 
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During its development some small portions of the fundament of 
the suprarenal cortex appear sometimes to detach themselves and to 
remain in the vicinity of the sexual organs, in whose migrations they 
participate. Thus, indeed, are to be explained the accessory supra- 
renal bodies observed by Mancuanp at the margin of the broad 
ligament. 


Summary. 


1, The following structures are to be interpreted as formative 
products of the middle germ-layer : the epithelium of the body-cavity 
(of the pericardium, of the thoracic and abdominal cavities, of the 
cavity of the scrotum), the whole of the transversely striped, voluntary 
musculature, the seminal cells and ova, the epithelium of the sexual 
glands, of the kidneys and their outlets, and the cortical cords of the 
suprarenal bodies. 


The Development of the Musculature. 


2. The musculature of the trunk is developed exclusively from 
the cell-layer of the primitive segments that abuts upon the chorda 
and neural tube, which by the formation of muscle-fibrille is con- 
verted into a musele-plate. 

3. The musele-plate enlarges dorsally and ventrally, where it 
becomes continuous (zone of growth) with the outer (lateral) epi- 
thelial layer of the primitive segment, and spreads itself out over 
the neural tube above and into the walls of the abdomen below. 

4, The original musculature consists of segments of longitudinal 
fibres (myomeres), which are separated from one another by connec- 
tive-tizsue partitions (ligamenta intermuscularia). 

5. The musculature causes the first segmentation of the body of 
Vertebrates into equivalent successive parts or metamera. 

6. Buds grow out from the muscle-plates (Selachians) into the 
fundaments of the limbs, and thus furnish the foundation for the 
whole musculature of the extremities. 

7. In the head-region of Vertebrates the musculature is developed 
not only out of the primitive segments, the number of which in 
Selachians amounts to nine, but also out of that part of the middle 
germ-layer which corresponds to the lateral plates of the trunk, and 
which is divided up by the formation of the viscoral clefts into sepa- 
rate visceral-arch cords, which in the Selachians are provided with 
cavities, 
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8. From the primitive segments of the head are formed the muscles 
‘of the eyes, and from the visceral-arch cords the masticatory muscles, 
the museles of the hyoid arch and also those of the small bones of the 
oar (I) 


The Dewlopment of the Urogenital System. 

9. The first fundament of the urogenital system is the same in 
‘both sexes: it consists of (1) three pairs of canals—the mesonephrie 
duct, the Miullerian duct, and the ureter; (2) four pairs of glands— 
the pro-, meso-, and motanephros and the sexual gland, which at first 
is indifferent. 

10. The mesonephric duct arises in its most anterior part out of 
# groovelike evagination or a ridge-like thickening of the parietal 
middle layer; posteriorly it detaches itself from its parental tissues, 
fuses with the neighboring outer germ-layer, and thereby forms at 
first a short, tubular communication between the celom and the 
surface of the body. 

11, The mesonephric duct is gradually converted into a long 
canal, inasmuch as it grows backward on the outer germ-layer, 
which forms a thickened ridge, until it opens out into the cloaca 
(terminal part of the hind intestine). 

32, The pronephres (head- kidney) is developed at the anterior 
part of the mesonephric duct in the following manner: the duct, 
upon being constricted off from the parietal middle layer, remains in 
connection with the latter at several places, and the resulting cords 
of connection grow out into long pronephiric tubules, at the inner 
openings of which an intraperitoneal vascular glomerulus is estab- 
lished out of the wall of the body-cavity, 

13. Behind the pronephros the mesonephros (primitive kidney) 
arises thus: when the primitive segments are constricted off from 


segments lio very clos together and constitute an apparently 
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undifferentiated cell-mass (the middle plate or the mesonephric 
blastema), out of which the mesonephric tubules subsequently— 
when they become clearly distinguishable—appear to have been 
differentiated, 

15. Tn w part of the non-amniotic Vertebrates (some Selachians, 
Amphibians) the primitive kidney remains in open communication 
with the body-cavity by means of numerous ciliate fanne's (nephro- 
stomes), whereas in all Amniota the mesonephric tubules early 
surrender their genetically established connection with the body- 
cavity through the disappearance of the ciliate funnels, 

16. The permanent kidney (metanephros) is the latest to be 
formed and takes its origin from two separate parts :— 

(a) From an evagination of the ead of the mesonephric duct, 
which furnishes the ureters, the pelvis of the kidney, and 
the straight urinary tubules (in other words, the efferent 
apparatus) 5 

(6) From a renal blastema, which represents a backward pro- 
longation of the mesonephric blastema, has the same 
origin as the latter, and is converted into the tortuous 
urinary tubules with the Malpighian corpuscles (therefore 
the secretory part of the kidney). 

17, The fundaments of the kidney, which have arisen far back in 
the body, rapidly increase in size and undergo a change of position 
by moving farthor forward by the side of the primitive kidneys, 
whereby the ureter becomes wholly detached from the mesonephric 
duct and moves to the posterior [dorsal] surface of the allantois, the 
future urinary bladder. 

18, In the non-amniotic Vertebrates the mesonephros also gives 
rise by a process of fission to the Miillerian duct, which runs 
parallel with it, 

19. In the Amniota the relation of the Miillerian duct to the 
mesonephric duet is still uncertain, because the front end of the former 
is established by a groove-like depression of the epithelial invest- 
ment on the lateral face of the mesonephros, while concerning the 
remaining part it is still undetermined whether it grows backwards 
independently or is constricted off from the mesonephrie duct. 

20. The sexual glands proceed from two fundaments :— 

(a) From a germinal epitholium, a modified part of the epithelium 
of the body-cavity, located on the median face of the 
primitive kidney ; 

(6) From the sexual cords, which grow out toward the germinal 





epithelium from the adjacent part of the primitive ki 
(in Reptiles and Birds from the epithelium of 
glomeruli). 

21, The specific components of the soxual glands, the eggs and 
seminal cells, arise from the germinal epithelium (with its primitive — | 
ova and primitive seminal cells). 

22. In the female there ariso, in consequence of a process of | 
mutual intergrowth on the part of the germinal epithelium and the 
subjacent stroma, the tubes of Priticxs and egg-balls (or nests), and 
out of these finally egg-follicles, containing each « single ovum; im 
the male there are formed, in consequence of a similar process, seminal 
ampulle (Selachians, some Amphibia) or seminal tubules (tubuli 
seminiferi) with their seminal mother-cells. 

23. The sexual cords of the primitive kidney participate in the 
composition of the medullary substance of the ovary as medullary 
cords; in the testis they onite with the seminal ampullm or seminal 
tubules and furnish the tubnli recti and the rete testis, consequently 
the initial part of the outlet for the semen, 

24, The ovarian follicles are composed of a centrally located ovum, 
an envelope of follicular cells, and a vascular connective-tissue capsule 
(theea folliculi). 

25, In Mammals the ovarian follicle is converted into a Graafian 
follicle by an increase in the number of follicular cells and by their 
secreting between them a follicular fluid. (Discus proligerus, mem- | 
brana granulosa.) 

26, The Graafian follicles, after tho elimination of the mature ora 
into the abdominal cavity, become the so-called yellow bodies in the 
following manner: blood flows out of the ruptured blood-vessels 
into their cavities, and both the follicular cells left bebind and the 
connectivetissue capsule undergo proliferation accompanied by an 
emigration of white blood-corpuscles (trae and false corpora lutea), 

27. The yellow bodies subsequently cause by their scar-like shrivel- | 
ling the cientricule and callosities on the surface of old ovaries, 

28. The canals and glands of the urogenital system, which are ab 
first established in the same form in both sexes, are afterwards: 
differently employed in the male and female and undergo a partial 
degeneration, | 

*29. In the male the mesonephric duct becomes the vas deferens, 
in the female it becomes rudimentary (Gantxen's duct, in many 
Mammals). 

30. The Miillerian duct assumes in the male no function, and 


_ a 
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only inconspicuous remnants of it are left at its ends (hydatid of 
the epididymis and sinus prostatious or uterus masculinus); in the 
female it becomes the efferent apparatus of the ovary,—the anterior 
part the oviduct, the posterior part the uterus and vagina, the latter 
resulting from the fusion of the ducts of the opposite sides of the 
body as far as they are enclosed in the genital cord. 

31. In the male the anterior portion of the primitive kidney 
(mesonephros)—having united with the seminal tubules by means 
of the sexnal cords—persists as the epididymis; the remainder de- 
generates into the paradidymis. In the female both parts degenerate 
into epodphoron and parotiphoron, which correspond respectively to 
the epididymis and paradidymis of the malo. 

32, The sexual glands, which are originally established in the 
lumbar region, gradually move with their outlets downward toward 
the pelvic cavity, (Desconsus testiculorum et ovariorum. Oblique 
course of the spermatic arteries and veins.) 

353, In the migration of the sexual glands a réle appears to be 
played by the inguinal ligament, which passes from the primitive 
kidney underneath the peritoneum to the inguinal region, penetrates 
through the wall of the abdomen, and ends in the skin of the genital 
ridges that surround the cloaca. (Gubernaculum Hunteri in the 
malo; round ligament and ligamentum ovarii of the female.) 

34, The testis is received some time before birth into the scrotum, 
‘an appendage of the body-cavity; the scrotum owes its origin to the 
fact that the peritoneum-forms an evagination (processus vaginalis 
peritonei) through the wall of the abdomen into the genital ridges, 
and that afterwards the evagination is completely cut off from the 
body-cavity by the closure of the inguinal canal. 

35. The layers of the scrotum or the envelopes of the testes corre- 
spond, in accordance with their development, to the separate layers of 
the body-wall, as is shown in the following comparative summary :— 


Envelopes of the Testes, Wall of the Abdomen. 
Scrotum with tunica dartos. Skin of the abdomen. 
Cooper's fascia. Superficial abdominal fascia, 
Tunica vaginalis communis with Musele-layer and fascia trans- 
cremaster. versa abdominis, 


Tunica vaginalis propria (parietal Peritoneum. 
and visceral layers). 


36. The external sexual organs are developed in man and woman 
from the same kinds of fandaments in the neighborhood of the cloaca, 
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37. The term cloaca is applied to a depression at the hinder end of 
the embryo, into which open the hind gut and the allantois, after 
the latter has received—on the posterior face of its attenuated 
terminal part, the sinus urogenitalis—the closely approximated 
Miillerian and mesonephric ducts. 

$8; Tha aloncn becomes divided by “projecting folde, which untte 
to form the perinwam, into an anterior [ventral] and 
[dorsal] portion, of which the former is the prolongation of the 
sinus urogenitalis, the latter the prolongation of the intestine 


(anus) 

mat the anterior margin of the cloaca, or, after completed 
separation, at the anterior rim of the sinus urogenitalis, there is 
found in both sexes the genital eminence, which bears along its 
under surface a groove flanked by the two genital folds ; the eminence, 
together with the opening lying under it (cloaca or sinus urogeni- 
talis), is embraced By the genital ridges, 

40, In the female the genital eminence remains small and becomes 
the clitoris, the genital folds become tho labia minora, the genital 
ridges the labia majora; the sinus urogenitalis remains short and 
broad and ropresents the vestibulum, which receives the vagina (the 
end of the Miillerian ducts) and the external orifice of the allantois 
or urinary bladder, the female urethra. 

41, In the male the genital eminence grows out to a great length 
as the male organ ; the génital folds cloxe on their under surface to 
form a narrow canal, which appears as a prolongation of the narrow 
sinus urogenitalix, together with the latter is designated as the 
male urethra, and receives at its beginning the vas deferens and the 
uterus masculinus ; the two genital ridges, which increase in size for 
the reception of the testes, surround the roots of the male organ and 
unite to form the scrotum. 

42, The following table gives a brief survey (1) of the compar 
able parts of the outer and inner sexual organs of the male and 
female, and (2) of their derivation from indifferent fandaments of 
the urogenital system in Mammals :— 


The cosmo form fros which 


aol sens Bae ath arise, 


Seminal ampolle and sends | Geeniual epitbetivi 
val tables, 


| Primitive kidney. 

«@ is with vee | (0) Anterior part with the 
‘ventla ad twtrall recthe ‘wexual coms (wexual yourt) 
@) Parelidyrais, (W) Posterior part (tho real 

‘atesonephirie part) 
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The commen fore from which 
Male sexwat parts, prekyeesy Fonale sexwat parts. 

Vas deferens with seminal — Mesonepbric duct. Garrsews cual, in some 

vetiolon, Mameala, 
Ridney and ureter, Kidney and ureter. Kidney and ureter, 
Mydatid of epiaidtymia, 
Sings prostations. } ‘Millerian doc { Oriduet and fimbrien, 
(Wverns masculinus) Uterus and vagina. 
Gutemscajum Munteri, Inguinal ligament of primis | Rownd tigament od tig. 

tive kidney, ovaril. 

Male urethra (pars prowatics | Sinus arogenitalla ‘Vestibalum vaginas, 

‘et manbeanncea), 
Peala. Genital eminence, Clitoris. 
‘Pars cavernoss wrethine, mn folda, Labia minors, 
Serotam, w Tidgen, we Major 





The Development of the Suprarenal Bodies. 


48. The most anterior part of the mesonephros appears to share 
in the development of the suprarenal bodies, since lateral branches 
sprout out from the sexual cords, become detached, and are converted 
into the peculiar cellular cords of the cortical substance. 


44, The suprarenal bodies in the embryo for a time exceed in size 
the kidneys, 
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EMBRYOLOGY. 


CHAPTER XVI. 
THE ORGANS OF THE OUTER GERM-LAYER, 


‘Tur outer germ-layer has for a long time also borne the name 
dermo-sensory layer. By this ite two most important functions are 
both indicated. For in the first place it forms the epidermis: 
with its various products, such as hair, nails, seales, horns, and 
feathers; and in addition various kinds of glands: the sebaceous, 
sweat- and milk-glands. Secondly, it is the matrix out of which 
the nervous system and the most important functional parts of the 
sensory orgins, the optic, auditory, and olfactory cells, are derived, 
T begin with the most important function of the outer germ-lnyer, 
the development of the nervous system, then proceed to the develop- 
ment of the organs of sense (eye, ear, and organ of smell), and finally 
discuss the development of the epidermis and its producta, 


I. The Development of the Nervous System. 
A. The Development of the Central Nervous System. 


‘Tho central nervous system of Vertebrates is one of the organs 
firet established after the separation of the germ into the four 
primary As has already been stated, it is developed 
(fig. 41 A) out of a broad band of the outer gorm-layer (mp), which 
stretches from the anterior to the posterior end of the embryonic 
fundament and lies in the median plane directly above the chorda 
dorsalis (ch). In this region the cells of the outer werm-layer grow 
out into long cylindrical or spindle-shaped structures, whereas the 
elements occurring in the surrounding parts (ep) flatten out and 
under certain conditions become altogether scale-like. Consequently 
the outer germ-layer is now divided into two regions—into the 
attenuated primitive epidermis (Hornblatt) (qp) and the thicker 
median newral or medullary plate (mp), 

Both regions are soon sharply separated from each other, since the 
neural plate bends in a little (fig. 41 3) and its edges rise above the 
surface of the germ, In this way there arise the two medullary or 
doreal folds (mf), which encloso between them the originally broad 
and shallow medullary or dorsal furrow. They ave simply folds of 
the outer germ-layer, formed at the place where the neural plate is 
continuous with the primitive epidermis, ‘They are therefore com- 
posed of an outer and an inner layer, of which the inner belongs to 








‘THE ORGANS OF THE OUTER GERM-LAYER. AT 


the marginal part of the neural plate, the outer, on the contrary, 
to the adjacent epidermis, 

Tn all the classes of Vertebrates the medullary plate is transformed 
into a newral tube at a very early period. This process can be 
accomplished in three different ways. In most of the classes of 
Vertebrates, namely Reptiles, Birds, and Mammals, the tube is 
formed by a typical process of folding, The medullary folds rise 
still higher above the surface of the germ, then bend together 
toward the median plane, and grow toward each other until their 
edges meet, along which they then begin to fuse. The neural tube, 
thus formed, still continues to remain in connection with the over- 
lying epidermis along the line of fusion, a connection which s0on 
disappears, since the connecting cells become loosened and separated 
from one another (fig. 41 0). The closure begins in all Vertebrates 
at the place which corresponds approximately to the future mid-brain 
—in the Chick (fig. 87 45#) on the second and in the Rabbit on the 
ninth day of development—and from there proceeds slowly both 
backwards and forwards, There is retained for a long time, 
especially behind, a placo where the neural tube is open to the 
exterior. A connection with the intestinal tubo by means of the 
neurenteric canal also exists at the posterior end, as has been already 
mentioned (p. 126) in the discussion of the gorm-layers. It is only 
at a later period that this connection is interrupted by the closing of 
the blastopore. , 

‘The second type in the development of the central nervous system 
is met with in Cyclostomes and Teleoste. In them the neural plate 
is transformed into a solid cord of cells instead of atube, Instead of 
the folds rising up over the surface of the germ, the neural plate 
grows downward in the form of a wedge. In this way the right 
and loft: halves of the plate come to lie immediately in contact with 
each other, 20 that one cannot find tho slightest traco of a space 
between them ; only after the cord of cells has been constricted off 
from the primitive epidermis do tho halves separate and allow a 
small cavity, the central canal, to appear between them. Probably 
this modification in the Bony Fishes and Cyclostomes is connected 
with the fact that the egg with its abundant yolk is very closely 
enveloped by the vitelline membrane, as s result of which the 
medullary folds cannot rise toward the surface. 

The third modification occurs only in Amphioxus Innceolatux. It 
has already been described briefly in another place (p. 109). 

‘The neural tube retains an undifferentiated condition in Amphioxus 

37 
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lanceolatus only ; in all other Vertebrates, on the contrary, it ix 
differentiated into spinal cord and brain, 


(a) The Development of the Spinal Cord, 
‘The part of the neural tube which is converted into the spinal 
cord is oval in cross section (fig. 200). At an early period « sopara- 
tion into a right and left half can be recognised (fig. 232). For 


Fig. £22.—Cross sevtion of an embryo Lizard with completely closed intestinal tube, after 
Sxnexent. 

Ae, Posterior, we, anterior commimure of the epioal cord ; ww, anterior rout of Herve; wf, nerve 
fibrils ; spf, eplnal ganglion ; =p’, moscle-pinte, miusole-forming layer ; mp", coler layer of 
the mmaleplace; my*, traxaiticn of the cuter Into the numsele-forming lager, 


the Interal walls are greatly thickened and consist of several layers 
of long, cylindrical cells, whereas the upper and lower walls are thin 
and can be distinguished respectively as posterior [dorsal] and anterior 
commianure (he and ve); or'as roef-plate and loor-plate, 

_ The further Sevelonaiens, of which T shall mention only the most 
manner that the lateral 


halves ‘become thicker and thicker 
increase in number by division, a 
entiated into two histological groups— 
the sustentative framework, the epithelium surrounding the central 
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canal and the spongiosa (xpongioblasts of Hrs), and (2) into elements 
which are transformed into ganglionic colls and nerve-fibres (neuro- 
blasts of His). The thickening of tho lateral walls depends partly _ 
upon the multiplication of cells, but mainly upon the fact that nerve- 
fibres apply themselves to the coll-mass from the outside, In time 
those fibres are separated into the anterior, lateral, and posterior 
columns of the spinal cord (fig. 253 pow, few, acw). At their first 
appearance thenerve- 
fibres are non-medul- J x . 
lntod (fig. 232 nf), Py es. 
and only subse- 
quently, sometimes 
earlier, sometimes 
later, acquire a me- 
dullary sheath, In gy 
this manner the al- WY 
ready considerably |’ 
thickened halves of 
the spinal cord be- 





come differentiated ype 
into the central gray Aeh ~ 
substance containing ,° eee — aye 
the ganglionic cells, 
and into the white  «¢ 
substance, which en- 
velops the surface of a po 54 of 
the former like @ Pig. 23% —Cress seotion through the spinal cond of an embryo 
meine: Chick of seven days, after BsLroun. 
* pew, Posterior white column; few, lateral white column; 
Since, meanwhile, ‘wew, anterior white colamn ; ¢, dorsd tiemw Alling up the 
here the dorsal fi be formes ; pr, poxtarin 
the rool and floor. limite dra! ter il ome as 
plates grow only a onlla ; age, anterior gray commisnre ; pf, posterior [dorwal} 


part of the spinal canal ; ¢pe, anterior (ventral) part of the 


little nnd are not Pylissl aint; of, anterior Samare, 


differentiated into 

ganglionic cells, they como to lie deeper and deeper at the bottom 
of anterior and posterior longitudinal furrows (c and af). Finally, 
the completely formed spinal cord is composed of large lateral halves, 
which are separated from each other by deep anterior and posterior 
longitudinal fissures, being united only deep down by a thin trans- 
verse bridge. ‘The latter is derived from the roof- and floor plates, 
which have been retarded in their growth, and encloses in its middle 
the central canal, which has also remained small, 
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At the beginning—in Man up to the fourth month of embryonic 
development—the spinal cord occupies the entire length of the body. 
‘Therefore, at the time when the axial skeleton is divided up into 
separate vertebral regions, it reaches from the first cervical down to 
the last coocygeal vertebra. The end of the spinal cord, however, 
does not even begin to develop ganglionic cells and nerve-fibres, but, 
remains throughout life as a small opithelial tube. It is united to 
the larger anterior portion, which has developed nerve-fibres and 
ganglionic cells, by means of a conically tapering rgion, which is 
spoken of in descriptive anatomy as the conus medullaris, 

As long as the spinal cord keeps pace with the vertebral column 
in its growth, the pairs of nerves arising from it, in leaving the 
vertebral canal, pass out at right angles directly to the intervertebral 
foramina. In Man, beginning with the fourth month, this arrange- 
ment is changed ; from that time forward the growth of the spinal 
cord does not equal that of the spinal column, and therefore the cord 
can no longer oceupy the entire length of the vertebral canal. Since 
it is attached above to the medulla oblongata, and this together with 
the brain is firmly held in the cranial capsule, it must assume a higher 
and higher position in the vertebral canal, In the sixth month the 
conus medullaris is found in the upper end of the sacral canal, at birth 
in the region of the third lumbar vertebra, and some years later at 
the lower edge of the first lumbar vertebra, where it terminates 
even in the adult. 

In the ascent (ascensis medulle spinalis) the lower end of the 
spinal cord, the small epithelial tube which is attached to the coocyx, 
is drawn ont into a long, fine filament, which persists even in the 
adult as the filum terminale internum and exterraun. At first it 
presents a small cavity, which is lined by ciliated cylindrical cells, 
and which forms a continuation of the central canal of the 
cord. Further downwand it is continued in the form of a cord of 
connective tissue ns far as the coccyx, 

A second consequence of the ascont of the spinal cord is a change 
in the course of the roots of the peripheral nerve-stems, Since, together 
with the spinal cord, their points of origin como to lie in the spinal 
canal relatively nearer and nearer the head, and since the places where 
they pass through the intervertebral foramina do not change, thoy 
are compelled to pass from a transverse to a more and more oblique 
course. The obliquity, moreover, is greater the farther down the 
nerve leaves the vertebral canal. In the neck-region their direction: 
is still transverse, in the thoracic region it begins to be more and 
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more oblique, and finally, in the lumbar region, and still more so in 
the sacral, it is more sharply downward. On this account the nerve- 
stems arising from the last part of the spinal cord come to lie for a 
considerable distance in the vertebral canal before they reach the 
sacral foramina serving for their exit; they therefore surround the 
conus medullaris and filum terminale, forming the structure known 
as the horse-tail or cauda equina, 

Finally the spinal cord undergoes some changes in its form also. 
Even in the third and fourth months there appear differences of calibre 
in different regions, The places in the cervical and lumbar regions 
of the spinal cord at which the peripheral nerves depart to the anterior 
and posterior extremities, grow vigorously by the abundant formation 
of ganglionic cells; they become considerably thicker than the adjoin- 
ing portions of the cord, on account of which they are distinguished 
ax cervical and fumbar enlargements (intumescentia cervicalis et 
lumbalis). 


(6) The Development of the Brain, 


By the study of embryology knowledge of the anatomy of the 
brain has been greatly promoted, Justly, therefore, in all recent 
text books of human anatomy, the embryonic condition serves as 
the starting-point in the description of the intricate structure of the 
brain, the aim being to derive the complicated ultimate conditions 
from the more simple embryonic ones, and to explain them by means 
of the latter. 

‘The initial form of the brain as well as of the spinal cord isa simple 
tube, At an early period, even before it is everywhere closed, it 
becomes metameric, on account of its growth being greater in some 
regions than in others, By means of two constrictions of its lateral 
walls it is divided into the Hires primary brain-vesicles (fig. 87 Ab‘, AL*, 
4d), which remain united with one another by means of wide openings, 
and are designated as the fore-, mid-, and hind-brain. The posterior 
of these divisions is the longest, gradually tapering and becoming 
continuous with the tubular spinal cord. 

The first stage is quickly followed by a second, and that by a third, 
since the primary brain-vesicles soon separate into four, and finally 
five divisions. 

During the second stage (fig. 234) the lateral walls of the primary 
fore-brain (pvh) begin to grow outward more vigorously and to 
evaginate to form the two optic vesicles (au). At the same time the 
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lateral walls of the hindbrain, which from the beginning has been 

the longest portion, acquire a constriction which divides the hind- 
‘brain into two vesicles, that of the cere- 
bellum (kA) and the medulla (nh), or 


Lo 
‘The five-fold segmentation of the 
neural tube (fig. 235)’ soon succeeds 
the four-fold condition; by means of 
it the fore-brain vesicle undergoes 
fundamental transformations, First, 
the primary optic vesicles (au) begin 
to be constricted off from the fore- 
brain vesicle, until they remain at- 
tached by only slender, hollow stalks. 
Since the constriction takes place 
mainly from above downward, the 
stalks remain in connection with the 
hase of the fore-brain vesicle. The 
front wall of the vesicle then begins 
to protrude anteriorly, and to be 
marked off by means of a lateral 
furrow, which runs from above and 
behind obliquely downward and for- 
ward, In this manner the primary 
vesicle of the forebrain, like the 
hind-brain vesicle, is secondarily. di- 
vided into two portions, which we 
can now distinguish as the vesicles 
of the cerebrum and the between-train 
(yh, 2h). The optic nerves remain united with the base of the latter, 
‘The vesicle of the cerebrum is distinguished by a very rapid 
growth, and soon begins to surpass all the other parts of the brain 
in sie, But it hecomes divided before this into right and left halves, 
From the connective tissue enveloping the neural tube there grows 
down in the median pla; process, the fnture falx cerebri. This 
xrowth advances from above and in front against the cerebral vesicle 
and deeply infolds its upper wall. ‘The halves (fig. 236 Ama) that have 
thus arisen are united at their bases; they present a more flat median 
and « convex outer surface, and nre called the tio rexicles of the hemi- 
spheres, since they furnish the foundation for the corebeal her 
The separate regions of tho brain-tube produced by constrictions 
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and cvaginations subsequently become still more sharply marked 
off from one another, owing to the alteration of their positions. 


a ote oh a 





Fig. 235.—Brain of & human embryo of the third week (Zo). Profile reconstruction. Afver Hs. 

oh, Cerebral vorlele ; 0h, betwoen-brain vesicle; wh, mld-brin vesicle; 4A, mA, vesloles of the 
corebetiim and medulla oblongata ; av, optio vesicle; 96, anditory vesicle ;ér, infunditraluns : 
rf, abea rhomitwidalis ; w, auchal flexure ; 4, eephalic Bexure, 


At tho beginning the three brain-vesicles formed by the first 
constrictions lie in a straight line one behind the other (fig. 87) and 
above the chorda dorsalis; the latter extends 
only as far as to the anterior end of the mid- 
brain vesicle, where it tapers to a point, But 
from the moment when the optic vesicles begin 
to be constricted off, the three primary vesicles 
shift their positions in such a way that the 
longitudinal axis oniting them undergoes sharp, 
characteristic folds, which are distinguished as 
the cephalic, pontal, and nuchal flexures (fig. 
235 kd, nb). 

‘Tho cause of the formation of the curvatures, sens. ay putea 
which are of fundamental importance in the — sbeiteb sapect, af 
anatomy of the brain, is to be sought princi- mip, Longitudinal o \n- 
pally in the more vigorous Jongitudinal growth —fjz"liat lus Gon 
which distinguishes the cerebral tube, and more — of which ix enn the 
especially its dorsal wall, from the surrounding — Styne, banner 
parts, As Hrs has established by means of Aer, lef hemisphere; 
measurements, the fondament of the brain more iraihey 
than doubles its length, while the spinal cord 
increases by only about one-sixth of its length. 

The cephalic flexure (tig. 235 kb) is developed first, ‘The floor of 
tho fore-brain sinks downward a little around the anterior end of the 
chorda dorsalis (fig, 237 of), and forms nt first a right angle with 
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the part of tho bas of the brain lying behind it, but afterwards an 
acuta angle (figs. 295, 238). 
In consequence of this, the 
vesicle of the midbrain 
(Gg. 235 mA) comes to lie 
highest, and forms a promi- 
nence, which causes a great 
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vesicle of the cerebellam and that of the after-brain, and has the 
form of a ridge which projects ventrally for a considerable distance, 
where subsequently the transverse fibres of the pons Varolii are 
established. 

The extent of theso curvatures is very different in the various 
classes of Vertebrates, Thus tho cephalic flexure is only slightly 
emphasised in the lower Vertebrates (Cyclostomes, Fishos, Amphibia); 
it is, on the contrary, much greater in Reptiles, Birds, and Mammals; 
bat in Man especially, whose brain is the most voluminous, all of the 
flexures are developed to a very high degree: 

‘The five brain-vesicles furnish the foundation for a natural ea- 
division of the brain, whose various chief divisions can be nfeceed 
back to them. As the study of the further development teaches. 
there are formed from 
the after-brain vesicle 
the medulla oblongata, 
from the vesicle of the = 
cerebellum the vermi- wf ——— a 
form process with the 2 ~ a 
hemispheres of the cere- - 
bellum and the pons 
Varolii, from the mid- “trom the aft aide, ‘The et swale ese 
brain vesicle the crura a Feber! == 
cerebri so piel cer hens an, St ee 

uadrigemina, from the Dheswrp ppm 2 me Mey pee 
Botwess = bexlls israel peel riper 
the between-brain 
[thalamencephalon] with the infundibubess Giese! gikend, aul ale 
optic thalami, and finally from the wusaiie <f Whe sunilean she 
cerebral hemispheres. 

In this metamorphosis the cavition ef ie geimittzor alia! silo 
become the so-called ceatricles of the beaite> Geum dit amtifios of Ge 
fourth and fifth vesicles ie derived Gu Swath eminidle ar Sum 
thomboidalis; from the cavity af hw sxiidvem yam, ve ays 
duct Biot wanteiniic | 
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Histologically considered the wwils of the vesicles 


found in the fact that in every part of the brain there occur gray 
“nuclei,” which, like the anterior and posterior gray columns of the 
spinal cord, are enveloped with a mantle of white substance. How- 
ever, there aro added to the two parts of the brain that have attained 
tho greatest development layors containing ganglionic calls, which 
furnish a superficial covering, the gray cortex of the cerebrum and 
cerebellum. By this means the white eubstance in certain parts of the 
brain becomes the core (nucleus medullaris), whereas the gray portion 
hecomes the cortex, a condition differing in an important manner 
from the structure of the spinal cord. 

The morphological differentiation of the brain depends upon the very 
unequal growth both of the fice separate vesicles and of different tracts 
of their walls. For example, the other four vesicles remain in their 
development far behind that of the cerebral vesicle, in comparison 
with which they constitate only « small fraction of the entire mass of 
the brain (figs. 240, 241). They become overgrown by the cerebral 
vesicle from above and on the sides, and enveloped ax by a mantle, 
so that they remain uncovered and visible only at the base of the 
brain, Therefore they, together with a small part of the basal 
portion of the cerebrum, are grouped together as the stalk of the 
brain, in contradistinction to the remaining chief part of the core- 
brum, which constitutes the cerebral mantle. 

The unequal growth of the walls of the brain manifests itself in the 
appearance of thickened and attenuated places, in the 
of special norve-columns (pedunculi cerebri, cerebelli, ete), and in 
the formation of more or less extensive layers of ganglionic cells 
(thalamus opticus, corpus striatum), By these means the principle 
of the formation of folle, which was fully described in the fourth 
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chapter, is shown to be carried out in a special manner on tho 
hemispheres of the cerebrum and cerebellum inclusive of tho 
vermiform process,—that is to say, on the two parts of the brain 
which are covered with a gray cortex. That the functional capacity 
of the corebrum and corebellum depends upon the extent of the gray 
cortex and the regularly arranged ganglionic cells in it, is to be 
concluded from a large number of phenomena. In this way ix 
explained the very extensive increase of surface which ix brought 
about in the cerebrum and cerebellum by means of somewhat 
different processes of folding. In the cerebrum broad ridges (gyri) 
arise from the medullary layer of the hemispheres (centrum semi- 
ovale), which, running in meandering coneolutions, produce the 
characteristic relief of the surface (fig. 256). In the cerebellum tho 


“ 
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Fig. 240.—Lateral view of the brain of a human embryo frors the frat half of the fifth month, 

‘after Mimacxovics, Natural aise. 
itt, Preotal lobe ; sete, parietal lobe ; Al, occipital tobe ; #AKt, temporal lobe s Sy, fawure of 

SYLYTOS ; rt, olfeotory nerve | AA, cerebellan ; br, poms; ie, medalle oblongata. 
numerous ridges proceeding from the medullary nucleus are narrow, 
arranged parallel to one another, and provided with emaller accessory 
(secondary and tertiary) ridges, 90 that the cross section of tho 
cerebellum presents an arborescent figure (arbor vite). 

If, after these preliminary remarks, we take under consideration 
the metamorphoses of the five vesicles, we may distinguish on each, 
as MranKovies has done in his monograph of the development of 
the brain, four regions; floor, roof, and tavo lateral parts, We shall 
begin our description with the fifth vesicle, because in its structure 
it approaches most closely to the spinal cord 


(1) Metamorphosis of the Fifth Brain-Veeicle, 


The f/th brain-vesiele exhibits in different Vertebrates at the 
beginning of development (in the Chick on the second and third 
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days) faint, regular infoldings of its lateral walls, by means of which 
it becomes separated into several smaller parts, lying one behind tho 
other. Inasmuch as these afterward disappear without leaving any 
trace, no great importance was ascribed to them by the earlier 
investigators (Reaax). Recently, however, several persons have 
maintained for them a real significance. Ras. and Berayece 


azikiag 2 


‘Pig. 41.—Brain of « human embryo from the first haif of the fifth month, divided in the median 
plane; view of the median aurface of the right half, after M.uancorice Natural sume, 
Olfactory nerve; tr, infaodibulum of the Retween-brain ; cwo, comtiamura anterior; My 
foramen of Mowno ; frs, fornix apt, septa yetiueiduss ; tal, corpus cation, whieh 
below, pon bby ne! porte ad nor cra are eo, entcus oatlowo~ 

moe ih Sees eee Fw, cunsus; (©, enna calowrina ; s, eyivhyvla; WA, eorpane 
quadrigemion ; 6h, cerebellum, 


‘Pig. 42,—Brain of a bumaa embryo from the second half of the third month, seem frem behind, 

after Mieaxkovics, Natural alan, 
wap, Longitadinal (Interpallint) flmare; eh, corpora quadrigomina; yaa, velum socduliane 
- fourth ventricle (fou rhomboldatia) 4 


recognise in them a segmentation of the brain-tube which is related 
to the exit of certain cranial nerves and is of importance in regard 
to the question of the metamerism of tho entire boad-region, The 
circumstance that the folds are so transitory appears to me to favor 
the older view. 

In the further development of the vesicle of the after-beain a 
distinction arises between the floor and side walls on the one hand 
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and the roof on the other, The former (figs, 241, 242) are con- 
siderably thickened by the addition of nervous substance and become 
separated on either side of the body (in Man in the third to the 
sixth months) into columns, which are recognisable from the outside 
because they are separated by grooves ; these are the extensions with 
certain modifications of the three familiar columns of the spinal 
cord. The roof of the vesicle (fig. 235 xf and fig. 248 Dp), on the 
contrary, produces no nerve-substance, retains its epithelial structure, 
becomes still thinner, and in the adult consists of a single layer of 
flat cells, This forms the only covering to the cavity of the dorso- 
ventrally compressed vesicle of the after-brain—the fourth ventricle 
or fossa rhomboidalis. It is firmly applied to the under surface of 
the pis mater, and with it produces the posterior choroid plexus (tela 
choroidea inferior). The name choroid plexus has been chosen 
Lecause the pia mater in this region becomes very vascular and in 
the form of two rows of branched villi grows into the cavity of the 
after-brain vesiele, always carrying before it, and thus infolding, the 
thin epithelial roof. 

Laterally the roof-plate or the epithelium of the choroid plexus is 
continuous with the parts of tho brain-vesiclo that have been meta- 
morphosed into nervous matter, The transition is effected by moans 
of thin bands of white nervous substance, which, as obex, tmnia 
sinus rhomboidalis, velum medullare posterius, and pedunculus 
floceuli, surround the edge of the fowa rhomboidalis, If with the 
pia mater one strips off from the medulla oblongata the posterior 
medullary volum, the epithelial covering of the fourth ventricle 
adhering to the latter will naturally be removed with it In this 
way is produced the posterior brain-fissure of the older authors, 
through which one can penetrate into the system of cavities in the 
brain and spinal cord. 


(2) Metamorphosis of the Fourth Brain-Veeiole, 


‘The wall of the fourth brain-vesicle undergoes a considerable thick- 
ening in all its parts, and surrounds its cavity in the form of a ring 
differentiated into several regions ; the cavity bocomes the anterior 
part of the fossa rhomboidalis (figs, 243, 242, 241). Tho floor 
furnishes the pons (bb), the cross fibres of which become evident in 
the fourth month. From the lateral walls arise the pedunculi 
cervbelli ad ponte. But it is the roof that grows to an extraordinary 
extent and gives to the cerebellum its characteristic stamp. At first 
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it apponrs as a thick transverse ridge (figs. 242, 243 kh), which over- 
hangs the attenuated roof of the medulla. In the third month the 
middle portion of the ridge 
acquires four deep trans- 
verse folds by the sinking 
in of the pis mater (fig. 


still appear smooth (kA). 
From this time forward 
the Interal parts outstrip 
the middle part in growth, 
bulge out at the sides as 
two homispheres, and, ac- 
quiring transverse folds, 
in the fourth month be- 
como the voluminous hemisplieres of the cerebellum. 

Only « little nerve-substance is developed where the roof of the 
fourth brain-vesicle, which has become thickened to constitute the 
vermiform process and hemispheres, is continuous with the roof of 
the third and €fth vesicles (fig, 241). Consequently there arise here 
thin medullary lamelle, which serve as o transition on the one 
hand to the posterior choroid plexus, and on the other to the lamina 
quadrigemina (wh)—the posterior and the anterior velum mecdullare, 


(8) Metamorphosis of the Third or Mid-brain Vesicle, 
(Figs. 235, 243, 242, 241.) 


Tho mid-brain vesicle is the moat conservative portion of the embry- 
onic neural tube, the part which is changed least of all; in Man a 
smal} portion only of the brain is derived from it. Its walls become 
rather uniformly thickened on all sides of the cavity, which is narrow 
and becomes the agueduet of Syuvivs. The base and lateral walls 
together supply the crura cerebri and substantin perforata posterior, 
‘The roof-plate (fig. 242 wh) becomes the corpora quadrigemina, 
owing to the appearance, in the third month, of a modian furrow, 
and, in the fifth month, of a transverse one crossing it at right 
angles, 
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Whereas at the beginning of the development the mid-brain 
vesicle (figs. 235, 243 mA), as a consequence of tho carvature of the 
neural tube, occupies the highest position and produces the parietal 
prominence of the head (fig. 155 s), it is afterwards covered in from 
above by the other parts of the brain, which are becoming more 
yoluminous,—the cerebellum and cerebrum,—and is crowded down 
to the base of the brain (compare fig. 235 mA with fig. 241 wh). 


(4) Metamorphosis of the Second or Between-brain Vesicle. 


‘The befween-brain wesicle also remains small, but undergoes a 
series of interesting changes, since, apart from the optic vesicles, 
which grow out from its walls, two other appendages, of proble- 
matical meaning, are developed from it—the pineal gland and the 
bypophysis. e 

In the case of the between-brain vesicle, it is only in the lateral 
walls that a considerable amount of nerve-substance is formed. By 
this means the walls thicken into the optic thalami with their 
ganglionic layers, Between them the cavity of the vesicle is retained 
8 @ narrow vertical fissure, known as the third ventricle; it is 
united with the fossa rhomboidalis hy means of the aqueduct of 
Syuvivs. The floor remains thin and at an early period becomes 
evaginated downwards ; it thus acquires the form (figs. 235, 241 ér) 
of a short funnel (ifindidulum), with the apex of which is united 
the hypophysis, soon to be fully described. 

‘The roof presents in its metamorphosis a striking similarity to the 
corresponding part of the after-brain vesicle (fig. 241). It persists 
as a simple, thin epithelial layer, unites with the very vascular 
pis mater,—which sends out in this case also villous outgrowths 
with capillary loops which pass into the third ventricle,—and together 
with it constitutes the anterior choroid plecus (tela choroidea anterior 
or superior). When in withdrawing the pia mater the choroid 
plexus is also removed, the third ventricle is openod ; thus is produced 
the anterior great fissure of the brain through which, as through 
the structure of the same name in the medulla oblongata, one can 
penetrate into the cavities of the brain. 

‘The agreement with the medulla oblonguta is expressed in still 
another point. As in the ease of the latter the edges of the roof- 
plate develop into thin medullary bands, by means of which the 
attachment to the sides of the fossa rhomboidalis is accomplished, #o 
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here also the epithelium of the choroid plexus attaches itself to the 
surface of the optic thalamus by means of thin bands consisting of 
medullated nerve-fibres (teeniw thalami optici). 

Finally, ont of the hindermost portion of the roof of the between- 
brain vesicle a peculiar organ, the pineal gland (fig, 241 ), takes its 
origin at a very carly period, in Man in the course of the second 
month, Since in in recent years numerous intoresting works have 
‘appeared concerning it, and since many striking discoveries have 
Teas taoegbt ta Iaht both ta tio’ case oF: ie Halackdann nat ate 
especially in that of the Reptiles, 1 will describe it at some- 
what greater length. 


The Development of the Pineal Gland (Epiphysis cerebri). 


First it is to be mentioned that, with the exeeption of Amphioxus 
lanceolatus, the pineal gland (glandula pinealis s. conarium) is not 
wanting in any Vertebrate, It is in all cases formed in exactly the 
game way. On the roof of the between-brain, where it is continuous 
with the roof of the mid-brain or the lamina quadrigemina, there 
arises an evagination (figs. 238 and 241 2) which has the shape of the 
finger of a glove, the processus pinealis [epiphysis cerebri), the apex of 
which is at first directed forward, but subsequently backward. In 
its further metamorphosis there appear, as far as our knowledge at 
present extends, differences of considerable importance. 

According to the investigations of Kurers, the pineal process 
attains in adult Selachions an unusual length ; its closed end awells 
into a vesicle, which penetrates the cranial capsule and extends out 
to the dermal surface, In many Selachians, such as Acanthias and 
Raja, the vesicular end is enclosed in a canal of the eranial capsule 
itself ; in others it lies outside between the cranial capsule and the 
corium. The [proximal] end of the vesicle is united to the between- 
brain by means of a long slender canal, 

Manifold conditions are met with in eptiles, as the recent investi- 
gations of Srzxcen have taught. These conditions permit in part a 
direct comparison with the Selachians, but in part they are widely 
altered, Here, too, the pineal gland is a structure of considerable 
length, the peripheral end of which lies far away from the between- 
brain under the epidermis; it passes out through an opening in the 
roof of the skull which is situated in the parietal bone and is known 
as the foramen parietale, The position of the latter can easily be 
determined on the head of the living animul, because at this place 
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the dermal scutes acquire « special condition and form, and, aboveall, 
are transparent. 

In regard to the particular form of the organ, there are essentially 
three types to be distinguished. 

In many Reptiles, «g., in Platydactylus, the pineal gland has the 
same structure as in Sharks: a small peripheral vesicle, which is 





Pig. M4, —Diagrammatic longitudinal section through the brain of Chameleo vulgaris with the 
‘pineal organ, which is separated into three portions, a vesicular, a conblile, and « tubelike 
portion, after BALowis SrEscee. 

seb, Pariotal dome with the foramen parietale; », pigment of the integument ; af, com-like 
‘middle peetion of the epiphysis; tf, ite veaivulae terminal portion ; 2, transparent region 
of tho integument; grh, cerebrum; ak, optio thalamus; ¥*, think ventricle, whieh is 
continued upwards into the tabe-like initial portion (4) of the epiphysis, 


enclosed in the parietal foramen, is lined with ciliated cylindrical 
cells, and is connected with the roof of the between-brain by means 
of a long, hollow stalk. 

In other Reptiles, as in the Chameleon, the organ is differentiated 
into three portions (fig. 244): first into a small closed vesicle (61), 
which lies under a transparent scale (z) in the foramen pariotale 
and is lined with ciliated epithelium ; secondly into a solid cord 

28 
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(st), which consists of fibres and spindle-shaped colls, and bears a 

certain resemblance to the embryonic optic nerve ; and thirdly into 

a hollow, funnel-shaped projection (4) of the roof of the between- 
brain, which still exhibits here and there sac-like enlargements. 

In a third 

division of the 

Reptiles, in 

Hatteria, 


(fig. 245). ‘The 
portion of its 
wall which Ties 
next to the sur- 
face of the body 


has been trans- 
Tig. *45.—Loogltudinal vertieal seotion through the piseal eye ef formed into a 


lens-like strue- 
ture (2); the 
part of the wall 
lying opposite 
the latter and 
continuous 


‘Hatteria punctata and its connective-tisane capsule, after Ihr bwix 
Slightly ealarpe!. 


ation of the lens (/) ix due to 

cells of the-anterior wall of the vesicle 

n cylindrical cells and aninucleate fibres, 

and have thereby proiluced an elevation, the convex surface of which 
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projects into the cavity of the vesicle, In the posterior portion the 
epithelial cells are separated into different layers, the innermost of 
which is distinguished by the abundance of its pigment. Between 
the pigmented cells there are imbedded others, which can be compared 
to the rods of tho visual cells in the paired eyes of Vertebrates, 
and which appear to be in connection below with nerve fibres, 
Those investigators who, like Rani-Riickuanp, Anuors, 
Srexcre, and others, have studied the pineal gland, are of opinion 
that the pineal body must be considered ae an unpaired parietal eye, 
which in many classes, for example in Reptiles, appears to be tolerably 
well preserved, but in most Vertebrates is in process of degeneration. 
That we have to do in Reptiles with an organ which reacts under 
the influence of light, does not appear improbable, when one takes 
into consideration that, owing to the transparency of the dermal 
sentes at the place in the skull where the parietal foramen is 
located, rays of light are here able to penetrate throngh the integu- 
ment. ‘The presence of a lens-like body and pigment is also 
favorable to this view. But whether the organ serves for sight, 
or only for the transmission of sensations of warmth,—whether, 
consequently, it is more an organ for the perception of warmth than 
an eye,—must for the present remain undecided. It is still more 
an open question whether this organ of warmth is a structure 
which has been developed as a special modification of the epiphysis 
of Reptiles alone,—as the auditory sac, for example, has been 
developed in the tail of the Crustacean Mysis;—or whether it 
represents a structure originally common to all Vertebrates. Tn tho 
latter case processes of degeneration must be assumed to be wide- 
spread, for up to the present time nothing like the condition in 
Reptiles has been found in other Vertebrates, 
In Birds and Mammals the pineal process undergoes metamor- 
phoses which give rise to an organ of a glandular, follicular structure. 
Tn Birds (fig. 246) it never attains such great length as in 
Selachians and Reptiles. At a certain stage it sends ont from its 
surface into the surrounding vascular connective tissue cellular out- 
growths, which increase in number by means of budding and finally 
break up into numerous small follicles (fig. 246 f ). These consist of 
several layers of cells, the outermost being small, spherical elements, 
the innermost cylindrical ciliated cells. The proximal portion of the 
pincal process does not become involved in the follicular metamor- 
phesis and persists as a funnel-shaped outfolding of the roof of the 
between-brain ; the individual follicular vesicles constricted off from 
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the parental tissue are united with its upper end by means of 
connective tissue, 
In Mammals the development takes place in a manner similar to 
that of the Chick. In the Rabbit there also arise follicles, each of 
which at first encloses a small 
cavity, but later becomes solid. 
‘They are then entirely filled with 
spherical colls, which possess a 
certain resemblance to lymph- 
corpuscles. The opinion has 
therefore been expressed by many 
(Henze) that the pineal body ix 
a lymphoid organ, an opinion, 
Tig. 146.—Beetion through the pineal gland however, which is refuted by the 
ea Seta, efter Mutacxovios Mag study of the development, for 
‘F Yollicte of the pineal gland with iteravitia; Genetically the follicles are ex- 
8, connective tlawae with blocd-vesmele, clusively epithelial structures, 


In the adult there are formed 
within the individual follicles concretions, the brain-sand (acervulus 
cerebri). 

Tn Man the pineal body, which begins to appear in the sixth week 
(His), exhibits a peculiarity as regards its position. Whereas the 
free end of the epiphysis is at first directed forward, and in othor 
Vertebrates is also retained in this position, it acquires in Man an 
opposite direction, inasmuch as it bonds backward on to the surface of 
the Jamina quadrigomina. Probably this is connected with the fact 
that the gland is crowded back by the excessive developmont of the 
corpus callosum. 

‘As the signification of the pineal gland is still doubtful, so is that 
of the pituitary body or Aypophysis cerebri, which, as has been 
previously mentioned, is united with the floor of the betweon-brain 
at the apex of tho infundibular process 


The Development of the Hypophysie (Pituitary Body). 


expressed in its entire structure, since it is composed of a larger, 
anterior and a smaller, posterior lobe, which in their histological 
characters are fundamentally different from each other. 

In order to observe the beginning of its formation, it is necomary 
to go back to a very early stage (fig. 237), in which the oral sinus 
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has just arisen and is still separated from the cavity of the head-gut 
by means of the pharyngeal membrane (rf). At this time the 
cephalic flexure of the brain-vesicles has already appeared, and the 
anterior end of the chorda dorsalis (ch) terminates immediately 
behind the attachment of the pharyngeal membrane, In front of 
this is located the important place where the hypophysis is developed, 
as was first established by Gorrre and MrmauKovies. The hypo- 
physia ia therefore « product of the outer germ-layer and not a growth 
from the cavity of the head-gut, as had always been maintained 
previous to this time. 

‘The first steps introductory to the formation of the hypophysis 
take place soon after the rupture of the pharyngeal membrane 
(figs. 238, 247), some unimportant remnants of which are retained 
at tho base of the skull as the so-called primitive velum palatinum. 
Antorior to these there is now developed (in the Chick on the 
fourth day of incubation, in Man during the fourth week, His) a 
small ovngination, the pouch of Raruxe or the pocket of the hypophysis 
(Ay), which grows to- 
ward the base of the 
between-brain (¢r). 
Then it becomes deeper, 
begins to be constricted 
off from its parenttissue, 
and to be metamor- 
phosed into a small sac, 
whose wall is compoced 
of several layers of cylin- 
drical cells (fig. 248). 

The sac of the hypo- 
physis (hy) remains for 


‘a long time in connec- 





tion with the oral cavity : ° 
by means of a narrow ee ee ee chesumtnan 
duct (Ayg). In later Magnitied 60 diameters, 


stages, however, the ica tm sheen ey sda My ee 
connection in the ‘of the hypopbyxis, 
higher Vertebrates is 

interrupted, because the embryonic connective tissue, which supplies 
the foundation for the development of the skeleton of the head, 
becomes thickened and crowds the sac farther away from the oral 


cavity (figs, 248,249). When, Inter on, the process of chondrification 
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takes placo in the connective tissue, by means of which the carti- 


| 
wh yy ahh 
‘Fig. 448,—Sagittal ection through the hypophyais of a Rabbit 
qeieye $0 mm. tong, ter Munauxoricn, “Magnited 63 


, oor ott betwen beta with Jataodsbntam; Ay hypopows 


echt, base of the alkuil ; oh, chorda; of, dorsum soll, 


Selachians, it is retained throughout life and forms a hollow canal, 
which perfo~ 
rates the carti- 
Jaginous base 
of theskull and 


retained in 

aan (as Cis sigue oo ete Rabbit embryo 
canal in the 75 2 
badapbanoid) 2 after | 1c, Magnified 40 diameters, 
which leads 

from the sella 

turcica to the 

base of the skull and receives a prolongation of the hypophyais 
(Svomaxwex), 
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At an early period an evagination from the between-brain 
(figs. 247, 249), called the infundibulum (¢r), has grown out toward 
the sao of the hypophysis and applied itself to the posterior wall of 
the latter, which it has folded in toward the anterior or opposite 
wall. 

This first stage is followed by a second, in which the sac and the 
adjoining end of the infundibulum are metamorphosed into the two 
Jobes of the complete organ already mentioned, 

‘The sac begins (in Man in the second half of the second month, 
His) to send out from its surface into the surrounding very vascular 
connective tissue hollow tubules (the tubules of the hypophysis) 
(figs. 248, 249 Ay’). ‘These are then detached from the walls of the 
sac, by becoming enclosed on all sides by vascular connective tissue. 
Tn this respect the process of development agrees in the main with 
that of the thyroid gland, only that the spherical follicles are here 
represented by tubular structures. After tho entire sac has been 
resolved into a large number of small, tortuous tubules provided with 
narrow lumina, the lobe thus produced applies itself closely to the 
lower ond of the infundibulum, with which it becomes united by 
means of connective tissue. 

‘Tho end of the infundibulum itself is transformed in the lower 
Vertebrates into a small lobe of the brain, in which, moreover, 
gangtionic cells and nerve-fibres can be identified. In tho higher 
Vertebrates, on the contrary, no trace of such histological elements 
can be detected in the posterior lobe of the hypophysis, which in 
these forms consists of closely packed spindle-cells, and thus acquires 
@ close resemblance to a spindle-cell sarcoma. 


(5) Development of the First or Fore-Brain Vesicle. 


The most important changes, the comprehension of which is in 
part attended with serious difficulties, take place in the vesicle of the 
fore-brain or corebrum. It is divided (fig. 260), even at the time of 
its formation, as has already been mentioned, into a right and a left 
portion, owing to the fact that its wall becomes infolded from in 
front and from above by means of a vertical process of the connective- 
tissue envelope of the brain, the primitive falx. The two portions, 
the vesicles of the hemispheres (Ams), come close together, being 
separated by only the narrow longitudinal or interpallial fissure (msp), 
which is filled up by the falx, vo that their median surfaces become 
mutually flattened, whereas their lateral and under surfaces are 
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the plane and convex surfaces are continuous with 
is a sharp bend in the mantle (Mantelkante). 
‘The vesicles of the hemispheres at first have 
thin walls formed of several layers of spindle- 
shaped cells (fig. 251, ) and each encloses a 
lange cavity, the lateral ventricle (fig. 251), 
which is derived from the central canal of the 
neural tube. Inasmuch ax those have been 
reckoned by the earlier authors as the first and 
second ventricles, it is plain why tho cavities 
of the between-brain and medulla oblongata are 
respectively designated as the third and fourth 
ventricles, In Man, during tho oarlier months, 
each lateral ventricle is in communication with 
the third ventricle by means of a wide opening, 
the primitive foramen of Moxno (figs. 239 AZ 
and 254 m). 


Anterior to the foramen of Moxno les the part of 
the wall of the cerebrum which was infolded by the 
development of the great interpallial fissure : on the 
one band it effects the anterior union of the walls of 
the two hemispheres ; on the other it bounds the thint 

ventricle in front, and is therefore called the anterior closing plate (lamina 
terminalis), It is continuons 


below with the anterior wall 
of the infundibulum of the 


between-brait. 
In the further develop- 
ment of each vesicle of the a 
hemispheres four processes 
are intimately associated : 


(1) an extraordinary growth Sf na) Oded 

and an enlargement in all Fig 951—Braln of « — any 
directions resulting from 1, Joon chenn wih the bani hatia Yon SSI 
it; (2) an infolding of the midbrain opened, 2 The sate from below. 
wall of the vesicle, so that pert 
externally there arise deop ein ie ewent ah a 
clefts (the fissures), and eu, conpors mammitlaria ; ys, pons Vanelli. 
internally projections into 

the lateral ventricles; (3) the development of a system of commissures, 
by means of which the right and left hemispheres axe broaght into 
closer union (corpus callosum and fornix); (4) the formation of 
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furrows that cut into the cortex of the cerebrum more or less deeply 
from the outside, but cause no corresponding internal projections in 
the wall of the ventricle. 

As regards its general features, the embryonic growth of the cerebral 
vesicles is especially characterised by an enlargement backward. In 
the third month the posterior lobe already completely overlies the 
optic thalamus (fig. 242); in the fifth month it begins to extend over 
the corpora quadrigemina (fig. 241), which it entirely covers. up in 

* the sixth month. From there it spreads over the cerebellum 
(fig. 256). The cerebrum is not characterised in all Mammals by 
such an extraordinary growth as in Man; comparative anatomy 
teaches rather that the stages of development of the human brain in 
different months here described, are met with in other Mammals as 
permanent conditions. 

Tn some animals the posterior mangins of the bemispheres extend as far as 
the corpora quadrigemina; in others they cover these more or less completely ; 
in others, finally, they have grown over the cerebellum more or less. On the 
whole, the increase in the volume of the cerebram, which is so varied in 
Mammals, goes band in hand with an increase fn intelligence. 


The vesicles of the hemisphores undergo additional complication 
{in Man in the course of the second and third months), owing to 
tnfoldings of their thin walls, which still enclose a large cavity. As 
‘a result of this there arise on the outer surface deep furrows, which 
separate lnrge areas from one another and which have been designated 
as total furrows or fissures by His, who has rightly estimated thoir 
importance in tho architecture of the brain. Corresponding to the 
furrows which are visible on the outer surface, there are more or less 
prominent elevations on the inner surface of the lateral ventricles, 
by means of which the latter become narrowed and reduced in size, 
‘The total furrows of tho cerebral hemispheres are the fissure of 
Sxivivs (fossa Sylvii), the arcuate fissure, embracing the hippo- 
campal fissure (fissura hippocampi), the fissura choroidea, the fissura 
calcarina, and the fissura parieto-occipitalis. The elevations produced 
by them are called the corpus striatum, fornix and pes hippocampi, 
tela choroidea and calear avis. A prominence which in the embryo 
corresponds to the fissura pavieto-cccipitalis, becomes obliterated in 
the adult by # considerable thickening of the wall of the brain, so 
that no permanent structure results from it. 

‘The fisewre of Syiyius (fig. 252 Sy.g) is the first one formed, It 
Sppears as a shallow depression of the conzex outer surface at about 
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tho middle of the lower margin of each hemisphere. The part of 
the wall which is thus depressed becomes considerably thickened 
(fig. 243, 251 eat, and 254 st), and forms an elevation on the floor of 
the cerebrum projecting into its cavity, the corpus striatum, in which 
several nuclei of gray matter are developed (the nucleus caudatus, the 
nucleus Jentiformis, and the claustrum), Inasmuch as the elevation 
lies at the base of the brain and forms the direct forward and lateral 
continuation of the optic thalamus, it is regarded as belonging to 
tho brain-stalk, and is distinguished as the stalk part of the cerebral 
hemispheres in distinction from the remaining portion or mantle part. 
‘The outer surface of the stall part can be seen from the outside for 
a time,—as long as the Sylvian fissure is still shallow (fig. 262 Sy.g), 


‘Fig. 262.—Lateral view of the brain of a human embryo during the Gret half of the Mth manth, 
after Mimaaxovics. Nataral siee, 

41, Proutal Jobe ; whei.t, parietal lobe; M, occipital lobe; seAtt, temporal lobe; Sy, tevere 
of Srivive; ra, olfactory nerve; AA, cerebellum ; Sy, Pome; mo, wedntla oblongeti , 


—but it then becomes entirely overgrown and hidden by the edges of 
the gradaally deepening fissure, Tator this surface acquires in the 
embryo several cortical furrows and becomes the island of Rew 
{insula Reilii), or the central lobe (Stammlappen). 

‘The mantle portion, as it enlarges, spreads out aniformly around 
the island of Res, as though about « fixed point, and surrounds it 
in the form of a half-ring open below (fig. 252); on this account it 
nas received the name ring-lobe. Even now the regions of the four 
chief lobes into which the convex surface of each hemisphere is 
subsequently divided can readily be distinguished, although they are 
not yet sharply limited. The end of the half-ring which is directed 
forward and lies above the fissure of Syzvius (Sy.g) is the frontal 
lobe (st); the opposite end, which embraces the fissure behind and 








THE ORGANS OF THE OUTER GERM-LAYER. 443 


below, is the temporal lobe (soifl); the region lying above and 
connecting the two is the pariotal lobe (schei.{). A prominonco 
which is developed from the ring-lobo backwanl becomes the occipital 
lobe (Al). 

The lateral ventricle has also become altered and corresponds to the 
external form of each hemisphere (fig. 253). It also assumes the 
shape of a half-ring, which lies above and surrounds the corpus 
striatum (csf)—that part of the wall of the vesicle which is forced 
inward by the fissure of Syivius. Subsequently, when the individual 
lobes of the hernispheres are more sharply differentiated from one 
another, the lateral ventricle also undergoes a subdivision correspond- 
ing to the lobes. It becomes slightly enlarged at both ends, in front 
into the anterior cornu occupying the frontal lobe, behind and below 
into the inferior cornu of the temporal lobe. Finally, from the half- 
ring there is developed a small evagination, the posterior cornu, 
which extends backward into the occipital lobe. ‘The region lying 
between the horns is narrowed and becomes the cella media, 

All the fissures hitherto mentioned, except that of Srivrvs, are 
developed on the plane [median] surface of the vesicle of the 
hemisphere. 

Ata very early stage—in Man in the tifth week (His)—there arise 
on this wall of the hemisphere two furrows running almost parallel 
with the edge or bend of the mantle, the arcuate or hippocampal fissure 
and the fissure of the choroid plexus (fiasura hippocampi and fisrura 
choroidea) ; both conform very closely in their direction to the ring- 
Jobe, and, like it, with crescentic form embrace from above the stalk 
part of the cerebrum, the corpus striatum. They begin at the 
foramen of Mowxo and extend from there to the tip of the temporal 
lobe, forming the boundaries of a region known as the marginal arch 
(Randbogen); this projects as a thickening on the median surface of 
the hemisphere, and takes part in the development of the commissural 
system, The invaginations of the median wall of the ventricle, caused 
by the fissures, the Aippocampal fold and the folt of the lateral choroid 
plecus, are best understood by removing in an embryo the lateral 
wall of the hemisphere, so that one can survey tho inner surface of 
the median wall of tho still very spacious and ring-like lateral 
ventricle (fig. 253). Tho cavity is then seen to be partly filled with 
a reddish frilled fold (ag/"),which lies in the form of a erescent on the 
upper surface of the corpus striatum (cat). In the region of the fold 
the wall of the brain undergoes changes similar to those in the roof 
of the medulla oblongata and of the vesicle of the between-brain 
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(figs. 254 pl and 255 ih Instead of thickening and 


has been removed. After Minatxovics, Magni- 
Bed 8 diameters, 

ert, Corpos striatum ; ML, foramen of Moxno ; ag/, 
plexus chorohleas lateralis; am/, hippocampal 
fold; tA, cerebellum ; Dp, root of the fourth 
‘Yontricle; 45, pontal flexure; mo, medulla ob- 
Tongata ; wh, mid-brain (parietal flexure), 


developing 
nerve-substance, it becomes 
attenuated, and is trans- 
formed into a single layer 
of flat epithelial cells, which 
are firmly united with the 
pia mater. The latter then 
becomes very vascular along 
the entire fold, and grows 
into the lateral ventricle in 
the form of tufts, which 
carry the epithelium before 
them. In this way the 
lateral choroid plexus arises 


(fig. 254 pl), which afterwards, in the adult, fills a part of the cella 


media and in- 
ferior cornu. 
Tt begins at ON 
the foramen of 
Mowno (fig. 
253 ML),where 
it is continuous 
with the an- 
terior unpaired 
choroid plexus 
which has 
arisen in the 
roof of the be- 
tweoen-brain 
vesicle. If the 
delicate vas- 
enlar pia mater 
is drawn out 


from tho cho- the section pames throngh the region of the foramen of Mowna, 
roid fissure, the Corpus striatum ; m, foramen of Moxno ; f Uhind ventiete iy 


wall of the 
brain, which ix 


reduced to a brain at the junction of the roof of the think ventricle with the 


thin epithe- 


Jaming terminalis; t, lateral ventricle, 


lium, is at the came time destroyed, and there is prodaced in the 
modian wall of the hemisphere a gaping fissure, which extends from 
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the foramen of Moxno to the tip of the temporal lobe and leads from 
the outside into the lateral ventricle. This is the lateral cerebrad fis- 
sure, or the great fianere of the hemispheres (fissure corobri transversa). 

In a preparation made in the mannor described the hippocampal 
fold is to be seen at a short distance from the choroid plexus and 
parallel to it (figs. 253 and 255 amf and fig. 254 4). ‘This increases 
in size toward the apex of the inferior cornu, and in the completely 
formed brain produces the corn Ammonis or pes hippocampi. 
Consequently that part of the lateral ventricle enclosed in the tem- 
poral lobe | becomes (as the result of two infoldings of its median 


dulla oblon- 
gata, the epi- 
thelial covering 
of the choroid 
pew alow Fig. 255,—Transverso section through the brain of a Rabbit embryo 
tinuows with ¥8 em. in length, after Mimasxovics, Magnified 9 diameters 
the thicker The seetion pases throngh the foramins of Moxno, 

‘hy, Groat falx carobri which file up the interpailis) fimare; #*,?, plane 
nerve-sub- inner (median) and convex outer wall of the cerebral 
stance of the ‘agf, told of the choroid plexns ; emf, hippocampal fold; f, fornix: 

, lateral ventricle ; MZ, foramen of Moxso ; ¥*, Uhird eats; 

eornu Am- A, optic chiasma ; fr2’, descending root of the fornix. 
monis, The 
transition is effected by means of a thin medullary plate, which in 
anatomy is described as the fimbria, 

Tnasmuch as the occipital lobe with its cavity develops as an 
evagination of the ring-lobe, the sissura calcarina belonging to it 
is therefore developed somewhat later than the arcuate fissure 
(fig. 241 fe). It appears at the end of the third month as a fissure 
branching off from the latter, and runs in a horizontal direction until 
near the apex of the occipital lobe. It invaginates the median wall 
of the lobe and produces the calcar avis, which invades the posterior 
cornu in the sume way as the hippocampus major (cornu Ammonis) 
does the inferior cornu. At the beginning of the fourth month tho 
fiseura occipitalis (fig. 241 fo) is added to it. The latter rises from 





the anterior end of the fissura calcarina in a vertical direction to 
the bent rim of the mantle (Mantelkante), and sharply separates the 
occipital and parietal lobes from each other. 

A third factor of great importance in the development of the 
cerebrum is the formation of a syetem of commianeres, which sup- 
plements the connection of the two cerebral vesicles, at first offected 
by the embryonic lamina terminalis only. ‘Those investigators who 
have occupied themselves with these difficult mattors assert that in 
the third embryonic month fusions take place between the facing 
median walls of the hemispheres. These fusions begin in front of 
the foramen of Moxno within a triangular area. ‘The fusions in this 
region occur only at the periphery, not in the middle of the area. 
‘Three parts of the brain of the adult are thus produced ; in front, the 
genu of the corpus callosum, behind, the columns of the fornix, and 
between them, the septum pellucidum ; the latter contains a fissure- 
like cavity, in the region of, which the contiguous walls of the hemi- 
spheres, here very much attenuated, have remained separated from 
each other. Consequently the cavity just mentioned—the ventriculue 
septi pellucids [or fifth ventricle]—ought not to be placed in the same 
category with the other cavities of the brain ; for while the latter are 
derived from the central canal of the embryonic nowral tube, the 
former is a new production, which has arisen by the enclosure of a 
portion of the space lying outside the brain between the two hemi- 
spheres—the narrow interpallial fizsure. 

A further enlargement of the commissural system is accomplished 
in the fifth and sixth months. The fusion now proceeds still 
farther, advancing from in front backwards, and involves that region 
of the median walls of the hemispheres which, situnted between the 
arcuate fissure [above] and the fissure of the choroid plexus [below], 
has already boen described as the marginal arch (Randbogen). By 
fusion of the anterior part of tho marginal arch with its fellow of the 
opposite side,—which process takes pluce as far as the posterior limit 
of the between-brain,—there arise the body of the corpus callosum 
and the spleninm, as well as the underlying fornix, The furrow 
hounding the corpus callosum above (sulcus corporis callosi) is there- 
fore the anterior part of the arcuate furrow, whereas the 
portion, that of the temporal lobe, is subsequently known as the 
fissura hippocampi. 


already described, because they are confined to the outer surface of the 
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brain and do not cause corresponding projections into the ventricles. 
Their formation begins as soon as the wall of the brain becomes 
greatly inerensed in thickness by the development of white medullary 
substance, which occurs during and after the fifth month. This 
is due to the fact that the gray cortex with its ganglionic cells 
increases more rapidly in superficial extent than the white substance 
and is therefore raised into folds, the cerebral convolutions or gyri, 
into which only thin processes of white substance penetrate, At 
first, therefore, the furrows are quite shallow; they become deeper 
in proportion as the hemispheres become thicker and the cortical 
folds project farther out- 
ward. 

Of the numerous fur- 
rows which the completely 
formed brain presents, some 
appear during the develop- 
ment carlier, others Inter, 
‘Thus they acquire different 
values in the architecture 
of the cerebral surface. 
Yor “the earlier a furrow 
appears the deeper it be- 
comes, the later it ap- 
pears the shallower it is” 
(Paxsen).- The first are 
therefore the more tmpor- 





Fig. 250,—Drain of a human embryo at the beginning: 


tant and constant ones, and ‘of the eighth month, after Mrmataovies. Three: 
‘ letin- fourths nataral size, 

7 Aatingly 43 be LE otal Sars soak en autecoe aud pcerier 

guished as chief or primary ceuteel eonvolutions fo, fauna oncipitalis, 


furrows from the subse- 
quently formed and more variable secondary and tertiary furrows, They 
bogin to appear at the commencement of the sixth month. The 
first of them to appear is the central furmow (fig. 256 of), which is 
one of the most important, since it separates the frontal and parietal 
lobes from each other. “In the ninth month all of the chief sulci and 
convolutions are formed, and since at this time the secondary sulei 
are still wanting, the brain during the ninth month presents a 
typicnl illustration of the sulei and convolutions " (MrauKovics). 
Very grent differences exist between the different divisions of Mammals in 
the extent to which tho sulci of the cerebrum are developed, On the one hand 
‘are the Monotremes, Insectivores, and many Rodents, whose cerebrum—also 
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usually teas developed in other features—possesses a smooth surface, and thas, 
‘aa it were, remains permanently in the fostal condition of the human brain. 
On the other band the brains of the Carniyores and Primates, owing to the 
«great number of their convolations, approach more closely to the human brain, 


Finally, in treating of the development of the cerebrum there is 
still to be considered an appendage to it, the olfactory nerve. This 
part, as well as the optic nerve, is distinguished from the peripheral 

nerves by its entire development, 

and must be considered as a 

specially modified portion of the 

cerebral vesicle. The older de- 

signation of nerve is therefore 

now more frequently replaced by 

the more appropriate name of 

olfactory lobe (lobus olfactorins, 

vhinencephalon). Even at an 

early stage—in tho Chick on the 

seventh day of incubation, in 

Man daring the fifth week (His) 

—there is formed on the floor of 

each frontal lobo at its anterior 

end a small evagination, which 

is directed forward (figs, 240, 

2Alra). This gradually assumes 

the form of a club, the enlarged 

. end of which, the part lying 

said-brain; 1, biod-brain; Hi, steer on the eribriform plate of the 
tra sina tr ta othmoid bone, is designated as 
tise 5B Tri + the bulbus olfactorius. The bul- 

Searegean i maw Ht canteens bas encloees: » cavity which ta im 

semis. communication with the lateral 

ventricle, 

During the first month of development the olfactory lobe, even in 
Man, is relatively large and provided with » central cavity, Later 
it begins to di somewhat, the sense of smell being only 
‘lightly developed in Man; its growth is arrested and at tho 
same time its cavity also disappears. In most Mammals, on tho 
contrary,—whose sense of smell, us is well known, is more acute 
than that of Man,—tho olfactory lobe attains a greater size in the 
adult animal and exhibits more clearly the character of a part of 
the brain, for it permanently encloses in its bulb a cavity, which 
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frequently (Horse) is even in connection with the anterior cornu by 
means of a narrow canal in the tractus olfactorius, 

The olfactory lobe (Lol+T'ro) attains an extraordinary develop- 
ment (fig. 257) in the Seluchia, in which it exceeds in size the 
between-brain (7H) and mid-brain (MH. Tn the Selachians two. 
long hollow processes (tractus olfactorius, 7vo) extend out from the 
anterior end of the little-developed cerebrum and terminate at a 
considerable distance from the fore-brain in two large hollow lobes, 
that are sometimes provided with furrows (Lol). 


B. The Development of the Peripheral Nervous System. 


Although it is easy to follow the development of the brain and 
spinal cord, the investigation of the origin of the peripheral nervous 
system is very difficult, for it requires the study of histological processes. 
of the most subtle nature—the first appearance of non-medullated 
nerve-fibres and the method of their termination in embryos 
composed of more or less undifferentiated cells. One who knows 
how difficult it is even in the adult animal to follow non-medullated 
nerve-fibrillw in epithelial layers or in non-striate musslo-tissue, and 
to get a clear idea of their method of termination, will understand 
that many, and indeed the most interesting, questions in regard 
to the development of the peripheral nerves are not yet ripo for 
discussion, because the observations necessary for their settlement 
are still wanting, There is only one point which is entirely clear, 
‘That concerns the development of the spinal ganglia, which Hus and 
Batroon independently of each other were the first to recognise, the 
one in the Chick, the other in Selachians. Since then numerous 
investigations embracing different groups of Vertebrates have been 
published on this subject by Hexsex, Micyes Manswacy, K6cureen, 
Sacement, vax Wu, Bepor, Osopr, Berayeck, Rant, Bean, 
Kasrscurxko, and others, 


(a) The Development of the Spinal Ganglia, 


‘The development of the spinal ganglia in the spinal cord is very 
easily followed. It begins just at tho time tho medullary groove 
closes to form a tube (fig. 258 A and #), At this time a thin 
ridge of cells (apg’, spy) one or two layers deep grows out of the 
neural tube on either side of the line of fusion, and, passing outward 

29 
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ward, inserts itself between the tube and the closely 
primitive epidermis, In this way it reaches the dorsal 

cage oda ehatiine sndiion (uty SENN ais Wy RE 
developed. ‘Then the 

al nevral crest, as Bau- 

your names it, or the 
ganglionic ridge, ax 
Sacemunt, calls it, 
is divided up into 
successive regions. 
For the tracts which 
alternate with the 
primitive segments 
Ing behind in their 
growth, while the 
parts lying opposite 
the middle of seg- 
ments grow more 
vigorously, become 
thickened, and at 
the same time ad- 


FLL 2 BE Fs 


"leet each pee ne om 
after Raw. 


‘The paimiltive segments nro still connected with the remaining tive views of this 
portion of the middle germ-layer. At the region of tau stage Fig. 259 ex- 


sition there is te be seon an cutfolding, st, from which the 5 
hibite such a section, 


- taken from Sace- 

pnd, parietal, wnt, ena raldtl lager, uxnut’'s work. Tnas 
2, Cross section through « Lisard embryo, after Suckaeit. much as the longi- 
pet of; lwupfer sientaied rt, which weowtiouoes tinal axis of the 
‘with the roof of the neural tube; wa, primitive segment, Lizard embryo em- 
ployed for the sec- 

tions was greatly curved, the five segments seen in the section are eut 
at different heights, the middle one dooper than the two preceding 
and the two following, In the middle segment the fundament of 
the ganglion (spk) is differentiated and it is bounded by blood-veagels 
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in front and behind, whereas in the segments that are cut more 
dorsally, near the origin of the ganglia from the neural tube, the 
fundaments are still connected with ono 
another. This connection appears to be 
most conspicnously developed and most per- 
sistent in the case of the Solachians; it id 
has been called the longitudinal commis- 
sure by Batrour. Outside the ganglia are 
found the primitive segments (mp, mp’), each 
of which at this time still exhibits within Re 
it a narrow fissure. 


é 


In a monograpbic treatment of the peripheral ad 
nervous system Brann differs from the preceding 
accoant, in which Baurour, Koutixen, Rasy, 

HeNsky, SAGEMERL, KasTscHENKO, and others 

agree, He believes that the fundaments of the 

ganglia arise, not out of the neural tube, but out TH Si —ftouue weakon of 
of the deeper cell-layers of the udjacent part of — Sycruenie 

the outer germ-layer, He finds that they are from rm, Spinal cord ; spl, neural 
the beginning separated from ench other and seg- idee with thickenings that 
mentally arranged. According to him, moreover, pst demeanor! 
they make their appearance earlier than is stated the peimitive segment. that 
in the preceding account; for they are already prodaces the muscle-plate ; 
recognisable as especially thickened places in the  ™®% outer layor of the 
outer germ-layer at the tight and left of the neural —-PPmitlre egtment, 

plate when the latter first begins to be bent inward, 

‘Subsequently, upon the closure of the neural tube, the ganglionic cells come 
to lie between the raphe and the primitive epidermis, From here they grow 
down ventrally at the sides of the brain and spinal cord. 

BEAD approximates in his results the conception first expressed and 
subsequently maintained by His. For Hs derives the ganglionic ridge, not 
from the raphe of the neural tube, but from a neighboring part of the 
outer germ-layer, which be names intermediate cord (Zwischenstrang). The 
accuracy of BxAnn's description is, however, positively denied by Kart and 
KAsracu Esko. 


Different views are entertained concerning the further changes 
which take place in the fundaments of the spinal ganglia :— 

According to His and Sacewent the separate ganglionic funda- 
ments are completely detached from the neural tube, and for a time 
lie at the side of it without any connection with it whatever. 
Secondarily « union is again established, through the development 
of the dorsal nervo-roots, by the formation of nerve-fibrille, which 
either grow out from the spinal cord into the ganglion, or from the 
ganglion into the spinal cord, or in both directions. Sacemenn 
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favors the first view, His the last. All other investigators main- 
tain that the fundaments of the ganglia, while they increase in size 
and become spindle-shaped, are permanently united with the neural 
tube by means of slender cords of cells which are 
into the dorsal roots. If the latter view is correct, the dorsal roots 
of the nerves must in time alter their place of attachmont to the 
neural tube by moving from the raphe laterally and ventrally. 

‘The discrepancy of these accounts is connected with the different 
interpretations which exist concerning the development of the pori- 
pheral nerves in general, 


(8) The Development of the Peripheral Nerves. 

When one reviews the various opinions which have been expressed 
voncerning the development of the peripheral nerves, it is found 
that there are in the literature two chief opposing views. The 
greater number of investigators assume that the peripheral nervous 
system is developed out of the central,—that the nerves grow forth 
from the brain and spinal cord uninterruptedly until they reach the 
periphery, where for the firat time they effect a wnion with their specific 
terminal organs, The outgrowth of the nerves from the spinal cord 
was firat asserted for the ventral roots and conjectured for the dorsal 
ones by Broper oxp Kurrren. Their conclusions have since been 
adopted by Kiutixen, His, Barrour, Mansuaun, Sacement, and 
others, However, views concerning the method of the formation of 
the nerve-fibres are not in agreement. 

According to Korrren, His, Kittixer, Sacemen:, and others 
the outgrowing nerve-fibres are processes of ganglionic cells located in 
the central organ, which must grow out to an enormous length in 
order to reach their terminal apparatus. There are at first no 
cells or nuclei among them. Theso are furnished secondarily by 
the surrounding connective tissue, According to the accounts of 
Kiceren and His, cellular elements from the mesenchyme approach 
the bundles of nerve-fibrille, surround them, and then penotrate 
into the interior of the nervous stem, at first sparingly, afterwards 
more abundantly, and form around the axis-cylinders the sheaths of 
Scuwaxn, 

On the other hand, Barrour defends most positively the doctrine 
that cells which migrate ont of the spinal cord along with the nerves 
share in the development, In his “ Treatise on Comparative Embry~ 
ology " [vol. ii,, p. 372} he remarks upon this subject: “The cellular 
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structure of embryonic nerves is a point on which I should have 
anticipated that a difference of opinion was impossible, had it not 
been for the fact that His and Ké.ir«er, following Remax and 
other older embryologists, absolutely deny the fact, I feel quite » 
eure that no one studying the development of the nerves in Elasmo- 
branchii with well-preserved specimens could for a moment be doubtful 
on this point.” Of the more recent investigators vax Wisie, Donen, 
and Bearp side with Bavroun. 

‘Hevses has taken an entirely different view on the question of 
the origin of the peripheral nervous system, one which differs from 
that of Kuprres, His, and Kécirker, as well as from that of 
Barrour. He opposes the doctrine of the outgrowth of nerve-fibres 
chiefly from physiological considerations. He can think of no 
motive which is capable of conducting the nerves that grow out 
from the spinal cord to their proper terminations—which shall 
cause, for example, the ventral roots always to go to muscles, the 
dorsal roots to organs that are not muscular, and shall prevent 
confusion taking place between the nerves of the iris and those of the 
eye-museles, between the branches of the trigeminus and the acusticus 
or facialis, ete. Therefore HeNsEs maintains on theoretical grounds 
that it is necessary to assume that “the nerves never grow out to their 
terminations, but are always in connection with them,” According 
to his view, which he endeavors to support by observations, the 
embryonic cells are for the most part united with one another by 
means of fine connecting filaments. He maintains that when a 
cell divides the connecting thread also splits, and in this manner 
there arises “an endless network of fibres.” Out of these the nerve 
tracts are developed, while other parts of the network degenerate, 

The reasons given by Heyses are certainly worthy of great 
attention. With further reflection on the subject they are easily 
added to. If the nerves grow out to their terminal apparatus, why 
do they not take the most direct course to their destination, why 
are they often compelled to pursue circuitous paths, and why do they 
enter into the formation of complicated plexuses of the greatest 
variety! whence are the ganglionic cells that are found to be 
‘developed in considerable numbers even in the peripheral nervous 
system in different organs, especially in the sympathetic nerve? In 
order to make progress in this difficult field the peripheral nervous 
system of Invertebrates must be taken into account more than it is 
at present, and in the investigation of embryos not only series of 
sections but also other histological methods (surface-preparations of 
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suitable objects together with staining of the nerve-fibrille, isolation 
of the elements preceded by maceration and staining) must be 
employed. 

Having thus sketched out the various standpoints taken by numer 
ous investigators on the question of the source of the 
nervous system, I give a number of observations that have been 
made upon the development of certain norves. Those relate to the 
development of :— 

(1) The ventral and dorsal roots of the nerves ; 

(2) Certain large peripheral nerve-trunks, as the nervus lateralis; 

and 


(3) The nerves of the head and their relation to the spinal nerves. 

(1) OF the roots of the nerves the anterior [vontral] are de- 
monstrable earlier. ‘hore may be distinguished threo stages in 
their development. 

‘The first stage has been observed by Donny and vax Wits in 
Selachian embryos. Ata time when the neural tube has not yet 
developed any mantle of nervous substance, and the musclo-segment 
still lies very cloee to it, there arises between the two a connection in 
the form of a very short protoplasmic cord. ‘The fundament of the 
nerve is therefore, as vax Wuitr remarks, ab origine near its 
muscle-complex, from which it never separates. Soon after this it 
is elongated by the removal of the muscle-segment farther from the 
neural tube ; it increases in thickness and now encloses numerous 
nuclei, and possesses therefore a cellular composition, a condition 
which I shall designate as second stage. 

‘There is a difference of opinion as to the cells which make their 
appearance in the fundament of the nerve, Whereas Kirtan 
His, and Sacemzun recognise in them immigrated connective-tissue 
elements, which are destined to form simply the envelopes of the 
nerves, Batrour, MarsHatt, vay Wisnx, Dours, and Bearp main- 
tain that they migrate out from the spinal cord and share in the 
development of the nerves themselves. Bearp even derives the 
motor terminal plate from them, Soon after, as is asserted, 
connective-tissue cells from the surrounding mesenchyme become 
associated with the nerve-cells derived from the spinal cord and 
ordinarily become indistinguishable from them. 

Finally, in the third stage the cellular fundament of the motor 
root acquires a fibrillar condition (fig. 260 ew), and it now becomes 
possible to trace the origin of the nerve-fibrilles in the spinal cord 
from groups of embryonal ganglionic cells or neuroblasts (His), 
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‘The formation of the nerve-fibrillm is also a subject of controversy, 
as has already been stated and as will be further explained in this 
connection, According to the view of most observers, the nervo- 
fibrilla—the future axis-cylinders—are formed as processes of gang- 
lionie cells of the spinal cord, the free ends of which grow out from 
the surface of the latter until they reach their terminal organs 
(Korrrex uxp Broves, KGuuimer, His, Saceweny). Such accounts 





‘Fig. $80.—Cross section of @ Litard embryo with completely closed intestinal oanal, adter 
Suomaanc.. 

‘Ac, Bosterion (dorsat], we, anterior comminure of the spinal cord; vw, Yeutesl nerve-root ; 
‘Vi nerve-fibrilim; qk, spinal ganglion; mp', muscle-plate, mussleproducing layer; 
mp', outer layer of the musslepiate; mp', transition from the outer to the musele- 
forming layer. 


are given especially for the development of the motor roots in the 
higher Vertebrates. 

According to the opinion of Donny and vax Wise, on the 
contrary, the nerve-fibrillw arise in situ, as products of differentiation, 
from the protoplasm of the cords of cells by means of which muscle- 
segment and spinal cord are already united. They do not need to 
seek out the terminal organ, since there exists already a protoplasmic 
union with it. They arise in a manner similar to that in which 
the muscle-fibrille do from the plasma of their muscle-cells, 
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Idesire to lay particular stress upon the observations of Doman and van 
Wri, because they harmonise with the theoretical views which I have 
formed as the result of investigations on Invertebrates. As I bave in several 


the immediate vicinjty of each other. 


The dorsal roots become visible somewhat later than the ventral 
roots ; there are formed fibrille which unite the upper [dorsal] end 
of the spinal ganglion with the side of the spinal cord, 

(2) Gorre, Seurzn, Wune, Horrmaxx, and Brarp have made 
concerning certain nerves the noteworthy statement—which has been 
called in question by some observers (BaLroun, Sacesnt)—that the 
epidermis participates in their formation. In Amphibian larve 
and Selachian embryos the posterior end of the nerous lateralis vagi 
in process of development ia completely fused with the primitive 
epidermis, which is thickened in the lateral line (fig. 262 nl). Some- 
what farther forward the nerve is detached but still lies in close 
contact with the primitive epidermis, whereas in the vicinity of the 
head it is situated deeper and lies between the muscles, At the 
places where the nerve has become separated from the primitive 
epidermis, it remaing in connection with the fundaments of the 
lateral organs by means of fine accessory branches only. Similar 
observations have also been made in the case of many of the branches 
of other cranial nerves in Selachian embryos, Wisne sees, for 
example, a short branch of the n. facialis near its emergence from 
the brain so fused with a thickened portion of the epidermis composed 
of cylindrical cells, that it is impossible to say whether at the place 
of transition the cell-nuclei belong to the nerve or to its terminal 
organ. During a more advanced stage the older part of the nerve 
is detached from the terminal organ, sinks into the deptha, becoming 
separated from the skin by ingrowing connective tissue, and remains 
united with the terminal organ only through fine accessory branches. 
‘The persistently growing younger end of the nerve still continues to 
be connected with the epidermis. 

Also in the case of tho higher Vertebrates similar conditions have 
been observed by Bxanp, Frorrzr, and Kasrscuesxo., They find 
the ganglionic fundaments of the facialis, glossopharyngeus, and 
vagus at the dorsal margin of the corresponding visceral clefts for a 
long time broadly fused with the epithelium, which is thickened and 
has become depressed into a pit, In these connections they discern 
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‘the fundaments of branchial sensory ongans, which no longer attain 
to complete development, Also Fuonrer, on the strength of his own 
observations, holds as admissible the interpretation that at those 
places where fusion occurs formative material passes out of the 
epidermis into deeper parts to share in the formation of nervous 
tracts. Brann expresses himself still more precisely to the effect 
that the sensory nervous elements of the whole peripheral nervous 
system arise as differentiations from the outer germ-layer, independ- 
ently of the central nervous system. 


‘The accounts here given concerning a connection, in early stages of derelop- 
‘ment, of certain nerve-trunks with the outer gesm-layer, appear to me to afford 
an indication in favor of the hypothesis expressed by my brother and me, 
that the sensory nerves of the Vertebrates may have originally been formed 
cout of a sub-epithelial nervous plexus, such as still exista in the epidermis of 
many Invertebrates. 


(3) Tho investigations of the last few years, which have boon 
carried out especially by Bauroun, Mansnant, Koutixen, Wine, 
Fron, Rant, and Kasrscursxo, have produced important results 
concerning the development of the cranial nerves, their relations to 
the head-segments and their value as compared with spinal nerves. 
“On the brain, as well as on the spinal cord, there arise roots, some 
of which are dorsal, some ventral, Even at the time when the 
brain-plate is not yet fully closed into a tube (fig, 261), there is 
formed on cither side, at the place of its bending over into the 
primitive epidermis, a neural ridge (ey), which begins rather far 
forward and may be traced on serial sections uninterruptedly in a 
posterior direction, where it is continuous with the neural ridge 
-of the spinal cord. When, somewhat later, the closure and the 
detachment of the brain-vesicles from the primitive epidermis has 
taken place, the ridge lies on the roof of the vesicles and is fused 
with them in the median plane, The most of the cranial nerves— 
namely, the trigeminus with the Gasserian ganglion, the acusticus 
and facialis with the ganglion acusticam and probably also the 
ganglion geniculi, and the glosopharyngeus and vagus with the 
related ganglion jugulare and g. nodosum—are differentiated out of 
this fandament in the same manner as the dorsal roots of the 
spinal nerves. The nerves, which emerge dorsally, afterwards shift 
their origin downwanl along the lateral walls of the brain-vesicles 
toward the base of the latter. 

All the remaining unenumorated cranial nerves—oculomotorius, 
trochlearis, abducens, hypoglossus, and accessorius—are developed 
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independently of the neural ridge, as individual outgrowths of the 
brain-veeicles nearer their base, and are comparable with the ventral 
roots from the spinal cord. 

Frortr finds that the hypoglossus in Mammals possesses dorsal roots, 
with small ganglionic fundaments, in addition to ventral roots, The latter 
subsequently undergo degeneration. 


‘The agreement between cranial and spinal nerves which is ox- 
pressed in this method of devolopment, becomes still greater and 


‘Fig. 961.—Oress section through the hind part of the head of # Chick embryo of 90 hours, after 
Ba 


FOUR: 

Ab, Mind-bran ; yp. vague; ¢p, epiblaat ; oh, chords; 2, thickening of hypoblast (pomibly «. 
rudiment of the mubchonial red): af, throat; Al, beart; zp, body-cavity ; 20, somatle 
mmoblast ; af, eplanchnic mésoblast (Darmsciteaplatte) ; Ay, hypoblast, 


acquires a further significance from the fact that in the head also the 
nerves can be aesigned to separate segments in much the same manner 
aa in the trunk. In this particular the conditions are clearest in 
the Selachians, where, in fact, the head-segments have been most 
thoroughly investigated, so that 1 limit myself to a statement of the 
results acquired in this field by Wisne. 

According to Wu nine * segments are distinguishable in the 
hoad of Selachians, To the first segment belongs the ramus 


* [Recent investigutions indicate that the bead-segments ip Selachians are 
much more numerous —TRANSLATOR.] 
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ophthalmicus of the trigemmus and, as motor root, the oculo- 
motorius. The second segment is supplied by the remaining part 
of the trigeminus and the trochlearis, the latter having a ventral 
origin. The dorsal roots of the third (and fourth?) segments are 
represented by the ncustico-facialis, the ventral roots by the 
abducens, The fifth segment possesses only the exclusively sensory 
glossopharyngeus, which arises from the neural ridge. The segments 
from the sixth to the ninth inclusive are innervated by the vagus and 
the hypoglossus, the former of which represents a series of dorsal 
roots, the latter a series of ventral ones. 

According to Wisne's account, notwithstanding the general agree- 
ment, thero still exists a considerable difference between the innervation 
of the cephalic segments and that of the trunk-segmente. For in the 
head the ventral, motor roots (oculomotorius, trochlearis, abducens, 
hypoglossus) supply only a part of the musculature—the eye- 
muscles and certain muscles that run from the skull to the pectoral 
girdle; that is to say, muscles which, as has alrendy been stated, are 
developed out of the cephalic segments. Other groups of muscles, 
which arise from the lateral plates of the head, are innervated by 
the trigeminus and facialis, which have adorsal origin. Thus the 
dorsal roots of the nerves in the head would be distinguished from 
those in the trunk by the important fact that they contain motor as 
well as sensory fibres. Brxt’'s law would consequently possess a very 
limited application for the head-region of Vertebrates, and would 
have to be replaced by the following law, formulated by Wisae :— 

“The dorsal roots of the head-nerves are not exclusively sensory, 
but also innervate the muscles that arise from the lateral plates, not, 
however, those from the primitive segments (somites).” 

“ The ventral roots are motor, but innervate only the musclos of 
the primitive segments (somites), not those of the lateral plates.” 

In view of this fundamental difference, I desire to express a doubt 
whether there are not after all enclosed in the facialis and trigeminus 
parts which are established as ventral roots, but have hitherto been 
overlooked, as in the beginning all the ventral roots in the brain 
(see Baurour) were overlooked. 


According to RABL the nerves of the posterior part of the head oaly— 
glossopharyngous, vagus, acoessorias, and hypoglossas—can be compared with 
the type of spinal nerves; the nerves of the anterior part of the head, on the 
contrary,—the olfactorius, opticus, trigeminus, together with those of the eye- 
muscles and the acustico-facialis,—belong in a separate category, just as the 
four most anterior head-segments do, 
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As ig evident from this brief survey, there still exist many unsolved 
problems in the difficult subject of the development of the peripheral 
nervous system. Without permitting myself to enter upon a further 
discussion of the contradictory opinions entertained on this subject, 
I close this topic with a ecomparative-anatomical proposition, which 
appears to me sullicient to furnish the morphological explanation of 
Beut's law, or the separate origin of the sensory and motor nerve- 
roots. 


Tn Amphioxus and the Cyclostomes the motor and sensory nerve- 
fibres are completely separated, not only at their origin from the 
‘The former pass at once from their origin in the spinal cord to the 
muscle-segments ; the latter ascend to the surface to be distributed 
to all parts of the akin to supply its sensory cells and sensory organs. 
The separation of the peripheral nervous system into a sensory and @ 
motor portion, which is rigorously carried out in Amphioxus and the 
Cyclostomes, is explained by the fact that the territories to which their 
ends are distributed are spatially distinct in their origin, since the 
sensory cells arise from the outer germ-layer, the voluntary muscles 
from a tract of the middle germ-layer. Therefore the sensory nerve- 
fibves have been developed from the spinal cord in connection with the 
outer gernv-layer, the motor fibres in relation with the muscle- 

nts, 

I regard the sub-epithelial position of the sensory nerve-fibres ax 
the original one, just as we find in many Invertebrates the whole 
peripheral sensory nervous system developed as a plexus in tho 
deepest portion of the epidermis The important conditions above 
described—according to which many dermal nerves (nervus lateralis, 
ete, fig. 262 nf) are fused with the epidermis at the time of their 
origin, and only subsequently become detached from it and sink 
deeper into the underlying mesenchyme—appear to me to indicate 
that such a position was the primitive one in the case of Vertebrates 
also, 

I look upon the union of the sensory and motor nerve-fibres into 
mixed trunks (which occurs soon after their separate origin from 
the spinal cord, in the case of all Vortobrates except Amphioxus and 
the Cyclostomes) as a secondary condition, and maintain that it ix 
caused especially by the following embryological inflaences: by the 
change in the position of the spinal cord and the muscular 
masses, and by the great increase in the amount of the connective 
substances, 
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Fig. 262—Cross section through the anterior pact of tke trank of an embryo of Seylliam, after 
Baxroun, 

Metwoon the dorsal wall of the trunk and its ventral wall, where tho attachment of the stalk 
‘of the yolk-ano is cut, there ls wtretebed w thick richiy cellular mesentary, whlch cotpletely 
divides the bedy-cavity Inte right and loft halves, Within the mesentery the duodenom 
(dw), from which the fund unent of the pancreas (pan) is given off dorsally and the funda- 
ment of the liver (Ap.«) ventrally, is twice cut through, In addition, the place where the 
‘Vitelline doet fambilicn! canal) (wee) Joins the daodenam is visible, 

19.6, Spinal cord : 4.29, ganglion of pesterior root terior root ; um, dorwally direetal nerve 
springing from the posterior root : sp, marc! ‘sp’, part of the rausclo-plate already 
converted into muscles ; ap.t, pact of the mu ‘hich gives rise to the muroles of the 
Limbs ; ni, merrus lateralis; a0, sorta : eb, chorda : ay.¢, eympathotic ganglion; on.y, cardinal 

vein ; 2p.%, spinal nerve ; #4, segmental (archivephric) duct ; af, segmental rubs, 
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Since the spinal cord comes to lie in deeper layers of the body 
far away from its place of origin, the dermal nerves must follow it, 
and therefore their origins are correspondingly farther separated 
from their terminations, Since also, on the other hand, the muscle- 
plates grow around the neural tube, certain motor and sensory 
nerve-cords are brought near to each other in their passage to their 
peripheral distribution, And this will occur especially in all cases 
where the motor and sensory peripheral terminations lie at a great 
distance from the origin of the nerves out of the spinal cord, as, for 
example, in the case of the limbs. The mutual approximation of 
sensory and motor nerve-tracta thus brought about will finally lead 
to the formation of common tracts, according to the same principle 
of simplified organisation in accordance with which the blood-vessels 
also adapt themselves closely to the course of the nerves, 


(6) The Development of the Sympathetic Systens 


The development of the sympathetic nervous system has as yet 
been investigated by only a few observers. Bauroun first announced 
that it arose in connection with the cranial and spinal nerves, and 
therefore was, like the latter, reully derived from the onter germ- 
layer, Tn the Selachians ho found the sympathotic ganglia (fig. 262 
4y-g) as small enlargements of the chief trunks of the spinal 


nerves (sp.n) a little below their ganglia (sp.g), In older embryos, 
according to Bauroun’s account, they recede from the spinal 
ganglia, and then ata later period unite with one another, by the 
development of a longitudinal commissure, into @ continuous cord 
(Gronzstrang). 

The origin of the sympathetic system has been the most thoroughly 
studied by Oxopr in researches covering several classes of Verte- 
brates. According to him the sympathetic ganglia arise directly, as 
Baxrovur suggested and as Brann has also lately reiterated, from the 
spinal ganglia. The ventral ends of the spinal ganglia undergo 
proliferation, as is best seen in Fishes. The proliferated part de- 
taches itself, and, as fundament of a sympathetic ganglion, moves 
ventrally. The fandaments of the individual segments are at first 
separate from one another. The cord (Grenzstrang) is a secondary 
product, produced by the growing out of the individual ganglia 
toward each other and the union of the outgrowths, Afterwards 
the sympathetic ganglia and plexuses of the body-cavity are derived 
from this part, 
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Scumany. 
Central Nervous System, 


1, The central neryous system is developed out of the thickened 
region of the outer germ-layer which is designated as the medullary 
plate. 

2. The medullary plate is folded together to form the medullary 
tube (medullary ridges, medullary groove). 

3. The formation of the neural tube exhibits three principal 
modilications: (a) Amphioxus, (6) Petromyzon, Teleosts, (c) the re- 
maining Vertebrates, 

~ 4. The lateral walls of the medullary tube become thickened, 
whereas the dorsal and ventral walls remain thin; the latter come 
to occupy the depths of the anterior and posterior longitudinal 
fissures, and constitute the commissures of the lateral halves of 
the spinal cord. 

5. The spinal cord at first fills the whole length of the vertebral 
canal, but it grows more slowly than the latter, and finally terminates 
at the second lumbar vertebra (explanation of the oblique course of 
the lumbar and sacral nerves), 

6. The part of the neural tube which forms the brain becomes 
segmented into the threo primary cerebral vesicles (primary fore- 
brain vesicle, mid-brain vesicle, hind-brain vesicle), 

7. The lateral walls of the fore-brain vesicle are evaginated to 
form the optic vesicles, the anterior wall to form the vesicles of the 
cerebrum, 

8. The hind-brain vesicle is divided by constriction into the vesicles 
of the corobellum and the medulla. 

9. Thus from the three primary brain-vesicles there finally arise 
five secondary ones arranged in « single series one after the other 
—(a) cerebral vesicle (that of the hemispheres), (b) between-brain 
vesicle with the laterally attached optic vesicles, (c) mid-brain 
vesicle, (d) vesicle of the cerebellum, (e) vesicle of the medulla 
oblongata. 

10. The originally straight axis uniting the brain-vesicles to one 
another later becomes at certain places sharply bent, in consequence 
of which the mutual relations of the vesicles are changed (cephalic 
flexure, pontal flexure, nuchal flexure). The cephalic or parietal 
protuberance at the surface of the embryo corresponds to the cephalic 
flexure, the nuchal protuberance to the nuchal flexure, 
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11, The separate parts of the brain are derivable from the five 
brain-vesicles; the accompanying table (MrsanKovics, Scawavue) 
gives a survey of the subject. 

12. In the metamorphoses of the vesicles the following processes 
take place; (a) certain regions of the walls become more or less 
thickened, whereas other regions undergo a diminution in thickness 
and do not develop nervous substance (roof-plates of the third and 
fourth ventricles); (5) the walls of the vesicles are infolded ; 
{c) some of the vesicles (first and fourth) greatly exceed in their 
growth the remaining ones (between-brain, mid-brain, after-brain, or 
medulla oblongata). 

13. The four ventricles of the brain and the aqueductus Sylvii 
are derived from the cavities of the vesicles. 

4. Of the five vesicles that of the mid-brain is the most conser- 
vative and undergoes the least 

15. The vesicles of the between-brain and after-brain exhibit 
similar alterations: their upper walls or roof-plates are reduced in 
thickness to a single layer of epithelial cells, and in conjunction 
with the growing pia mater prodace the choroid plexuses (anterior, 
lateral, posterior choroid plexus ; anterior, posterior brain-fissure), 

16. The cerebral vesicle is divided by the development of the 
longitudinal (interpallial) fissure and the falx cerebri into lateral 
halves, the two vesicles of the cerebral hemispheres. 

17. In Man the cerebral hemispheres finally exceed in volume all 
the remaining parts of the brain, and grow from above and from the 
sides as cerebral mantle over the other brain-vesicles (from the second 
to the fifth inclusive) or the brain-stalk, 

18. In the folding of the walls of the hemispheres there are to be 
distinguished fissures and sulci, 

19. The fissures (fossa Sylvii, fissura hippocampi, fissura choroiden, 
fisyura calearina, fissura occipitalis) are complete folds of the wall of 
the brain, by means of which there are produced deep incisions in 
the surface and corresponding projections into the lateral ventricles 
(corpus striatum, corna Ammonis, fold of the choroid plexus, calear 
avis). 

20. The sulci are incisions limited to the cortical portion of the 
wall of the brain, and are deeper or shallower according to the time 
of their formation (primary, secondary, tertiary sulci), 

21, In general the fissures appear earlier than the sulei. 

22. The olfactory nerve is not equivalent to a peripheral nerve- 
trunk, but, like the optic vesicle and optic nerve, a special part of 
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the brain produced by an evagination of the frontal lobe of the 
cerebral hemisphere (lobus or bulbus olfactorius with tractus olfac- 
torius). (Enormous development of the olfactory lobes in lower 
Vertebrates,—Sharks,—degeneration in Man.) 


Peripheral Nervous System. 

23, Tho spinal ganglia are developed out of a neural ridge (crest), 
which grows outward and downward from the raphe of the neural 
tube on either side betweon the tube and the primitive epidermis, 
and becomes thickened in the middle of each primitive segment into 
& ganglion. 

24. The spinal ganglia therefore arise, like the neural tube itself, 
from the outer germ-layer, 

25, The sympathetic ganglia of the longitudinal cord (Grenz- 
strang) are probably detached parts of the spinal ganglia. 

26, Concerning the development of the peripheral nerve-fibros 
there are different hypotheses :— 

First hypothesis. The peripheral nerve-fibres grow out from the 
central nervous system and only secondarily unite with 
their peripheral terminal apparatus. 

Second hypothesis. The fundaments of the peripheral terminal 
apparatus (muscles, sensory organs) and the central 
nervous system are connected from carly stages of 
development by means of filaments which become nerve- 
fibres (Hexsex). 

27. Anterior and posterior nerve-roots are developed on the 
spinal cord separately from each other, one ventrally, the other 
dorsally, 

28. The cranial nerves arise in part like posterior, in part like 
anterior roots of spinal nerves. 

29, The following cranial nerves with their ganglia, which aro 
comparable with spinal ganglia, are developed out of « neural ridgo 
which grows out from the raphe of the brain-vesicles : the trigeminus 
with the ganglion Gasseri, the acusticus and facialis with the gang- 
lion acusticum and g. geniculi, the glossopharyngens and vagus with 
the ganglion jugulare and g. nodosum. 

30, The oculomotorius, trochlowris, abducens, hypoglossus, and 
accessorius are developed like ventral roots of spinal nerves. 

31. The olfactory and optic nerves aro metamorphosed parts of 
the brain. 
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‘TZ, The Development of the Sensory Organs, Eye, Ear, and Organ 
of Smell. 

As the outer germ-layer is the parental tissue of the central 
nervous system, 80 also does it form the substratum for the higher 
sensory organs, the eye, the ear, and the organ of smell. For it 
furnishes the sensory epithelium, a component which, in comparison 
with the remaining parts, derived from the mesenchyma, is, it is 
true, of vory small volume, but, notwithstanding, by far the most 
important both from a functional and a morphological point of 
view. Whether @ sensory organ is adapted for seeing, hearing, 
smelling, or tasting depends primarily upon the character of its 
sensory epithelium, i, upon whether it is composed of optic, 
auditory, olfactory, or gustatory cells. But also morphologically 
the epithelial part is preéminent, because it is chiefly this which 
determines the fundamental form of the sensory organs and affords 
the fixed centre around which the remaining accessory components 
are arranged. The genetic connection with the outer germ-layer 
may be most clearly recognised in many Invertebrates, inasmuch as 
here the sensory organs are permanently located in the epidermis, 
whereas in Vertebrates, as is well known, they are, for the sake of 
protection, embedded in deep-lying tissues. I begin with the eye, and 
then proceed to the organ of hearing and that of smell. 


A. The Development of the Eye. 


As has already been stated in the description of the brain, the 
lateral walls of the primary fore-brain (figs, 234, 263) are evaginated 
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‘Tig. 253,—Brain of a human embryo of the third week (Lg). Profile reconstrwetion, after Ha. 

@&, Cecebonl vesiole; ch, betweon-brain veslel mid-brain vedelo; &A, Wh, vealoles of cere- 
bellum and medulla oblongata ; ws, optic vericle; g}, auditory vesicle; tr, infundibulum ; 
J, area rhomboidalis; nb, nuchal flexure; £6, cephalic fexure, 


and produce the primary optic vesicles (aw), which ave constricted 
off more and more and remain in connection with the between-brain 
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by means of a slender stalk only (fig. 264 A at), They possoss 
spacious cavities within, which are connected with the system of 
brain-ventricles through the narrow canal of the stalk of the optic 
vesicle, In many Vertebrates, in which the central nervous system 
is formed asa solid structure, as in the Cyclostomes and Teleosts, 
the optic vesicles are also without cavities; these do not make 
their appearance until the central nervous system becomes a 
tube. 

Since the brain is for a long timo separated from the primitive 
epidermis by only an exceedingly thin sheet of connective tissue, 
the primary optic vesicles at the time of their evagination either 
apply themselves directly to the epidermis, as in the case of the 
Chick, or are separated from it by only ® very thin intervening 

layer, as in Mammals, 
w Upon each optic vesicle 


4 
can be distinguished a 

‘~ lateral, a median, an upper 

7 and a lower wall I 

i Pi designate as lateral that 

be Ps surface which reaches the 


Mie, 204 Two diagrams lustrating the development bepnrere the surface 
ee ol ly, os median 
‘Mik itt the atone Seas lk regress the opposite wall joined 


Aas result of the develipmeat of the lme-pit (v) with the stalk of the optic 
D, The eos pit bas become abwtricted to form a lens . 
‘wala (i), Prom the ops vee ban arin tne vesicle, and finally as lower 
optic cup with double walls an inner (it)end an the one which lies on 


outer (ab) ; tet, wtalle of | 3 ot, a 
Releenteh viwme eds “ievel with tha floor of 


the between-brain, ‘These designations will be useful in acquainting 
ourselves with the changes which the form of the optic vesicle 
undergoes during its invagination, which occurs at two places, namely, 
at ite lateral and lower surfaces. One of the invaginations is connected 
with the development of the lens, the other with the formation of the 
vitreous buily. 

The first fundament of the lens appears in the Chick as early as. 
the second day of incubation, in the Rabbit about ten days after 
the fertilisation of the ogg. At the place where the epidermis 
Passes over the surface of the primary optic vesicle (fig. 264 A ig), 
it becomes slightly thickened and invaginated into « small pit (lens- 
pit), ‘The pit, by its deopening and by the approximation of its 
edges until they meet, is converted into a lens-rveicle (fig. 264 B ls), 
which for ® time preserves its connection with its parental substra- 
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tum, the epidermis, by means of a solid epithelial cord (lst), Upon 
being constricted off the lens-vesicle naturally pushes the adjacent 
lateral wall of the optic vesicle before it and folds the latter in 
against the median wall. 

At the same time with the development of the lens, the primary 
optic vesicle is ulso invaginated from below along a line which 
strotches from the epidermis to the attachment of the stalk of the 
optic vesicle, and is even continued along the latter for some distance 
(fig. 265 aus). A loop of a blood-vessel from the enveloping 
connective tissue, embedded in soft, gelatinous substance (gl), here 
grows against the lower surface of the primary optic vesicle and its 
stalk, and pushes up before it the 
fower wall. 

In consequences of the two invagina- 
tions the optic vesicle acquires the 
form of a beaker or cup, the foot of 
which is represented by its stalk (Sn). 
But the optic cup, as we can from this 
time forward designate the structure, 
exhibits two peculiarities, First, it ~ 
has, as it were, a defect (fig. 265 aus) Fig. 205.—Piastio representation of 
in its lower wall; for there runs along eos ju with lens and 
the latter from the margin of tho ad, Outer wall of the cup; id, ite 
broad opening which embraces the pe mili, M cuir, lstmeon 
lons (/) to the attachment of the stalk appears entirely ; Sn, fundament 
(Sn) a fissure (ase), which is caused by ermine. (eee 
the development of the vitreous body ite Jower surface.) aa, Optio 
(gl) and bears the name fetal optic ie ae 
fissure [Gr choroid fissure). At first 
it is rather wide, but then becomes narrower and narrower by the 
approximation of its edges and finally closed altogether. Secondly, 
the optic cup, like the toy called the cup of Tantalus, is provided 
with double walls, which are continuous with each other along the 
edge of the front opening and also along the fissure. They will 
henceforth be designated as inner (figs. 264 2B and 265 i) and outer 
(ad) layers; the former is the invaginated, the latter the unin- 
vaginated part of the primary optic vesicle. 

‘At the beginning of tho infolding the two layers are separated by 
a broad space (h), which leads into the third ventricle through the 
stalk of the vesicle (Sn); but afterwards the space becomes reduced 
proportionally to the increase in the size of the vitreous body. 
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Finally outer and inner layers come to lie in close contact (fg. 266 
piandr). Tho fundaments of the lens (le and {f) and the vitreous 
body (g) constitute the contents of the cup. The vitreous body fills 
the bottom of the cup, the lens its opening. 

Tn the process of invagination the stalk of the optic vesicle has 


Fig, 262,—Section through the optic fundament of an embryo Mouse, after Risstery 

7%, Vignieatal epithelium of the eye (outer lamella of the optic cup, or secondary optle vesicle) 5 
"retina (inner lamella of the optic cap); r, marginal zone of the opto cup, whieh forms 
the pars eillaris et iridis retinw ; 9, vitreous body with blood.vemols ; tr, tunlon waaruloss 
ontia; 4%, blood-<erpascten eh, choruides ; [f, lens-fitres; te, Jons-epithetinm ; F, sone of 
the lens-fbre nuelel; A, fandament of the cornes ; Ae, external corneal epithelion. 


also changed its form. Originally it is a small tube with an epithe- 
lial wall, but afterwards it becomes an inverted trough with doublo 
walls, inasmuch as its lower surface participates in the invagination 
caused by that growth of connective tissue which toward the peri- 
phery furnishes the vitreous body. Later the edges of the trough 
bend together and fuse with each other. In this way the connective- 
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tissue cord, with the arteria centralis retin, which traverses it, is 
encloeed within the stalk, which is now a quite compact structure. 

Finally the tissue of the intermediate layer, apart from its 
producing the vitreous body, takes a further active share in the de- 
velopment of the whole eye, inasmuch as that portion of it which ix 
adjacent to the optic cup is differentiated into the choroid membrane 
(fig. 266 ch) and the sclerotica of the eye. 

After having thus delineated briefly the source of the most: 
important components of the eye, it will be my purpose in what 
follows to pursue in detail the development of each part separately. 
I shall begin with the lons and vitreous body, then pass to the optic 
cup, and at that point add an account of the formation of the 
choroid membrane and the sclerotica, as well as the optic nerve ; 
in a final section I shall treat of the organs that are accessory to the 
optic cup—the eye-lids, the lachrymal glands and their ducts. 


(a) The Development of the Lens. 

When the /ens-vevicle has been completely constricted off from the 
primitive epidermis (fig, 264 B (s), it possesses a thick wall, which is 
composed of two or three layers of epithelial cells, and encloses a 
cavity that in Birds is partially filled with fluid, bat in the case of 
Mammals by a mass of small cells. The mass of cells ix the result 
of a proliferation of the most superficial flattened sheet of the primitive 
epidermis ; it is without importance in the further development—a 
transient mass, that soon degenerates and is absorbed when tho lens- 
fibres are developed, (Anwoup, Manauxovics, Gorrscaav, Koraxyt.) 

Externally the epithelial vesiclo ix sharply limited by a thin 
membrane, which is afterwards thickened into the capsule of the lens 
(capsula lentis). There are two opposing views in regard to its 
development. According to one, the capsule is a cuticular structure, 
that is to say, a structure secreted by the cells of the lens at their 
bases ; according to the other view it is the product of = connective- 
tissue layer, to be described more fully hereafter, enveloping the 
lons-vesicle, 

Tn later stages considerable differences arise in the devolopment 
of the anterior and posterior walls (fig. 266). In the region of the 
anterior wall the epithelium (le) becomes more and more flattened ; 
the cylindrical cells are converted into cubical elements, which aro 
preserved throughout life in a single layer and constitute the so-called 
lena-epithelivm in the lens of the adult (fig, 266 /2), In the posterior 
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wall, on the contrary, the cells increase greatly in length (fig. 266 if) 
and grow out into long fibres, which form a protuberance projecting 
into the cavity of the vesicle, The tibres stand perpendicular to the 
posterior wall, are longest in its middle, become shorter towards the 
equator of the lens (figs, 266, 267 7), and finally appear as ordinary 


wr 


’ noo& Ketek ahh 

‘Tig. 297.—Part of a section through the fundament of the eye of an embryo Mouse, Semewhat 
older atage than that abown in ig. 998, After Kesauin. 

A partot the Jens, the rim of the optic exp, the cores, and the anterior chamber of the eye. 
Pi, Pigmented epithelium of the eyo; r, retina ; ve, marginal aone of the eptic cup; 9, beer 
‘Youoln of the vitesous body in the vasetJar capsule of the lene; #, tunica waseuloms Tentie: 
®, conneetion of the latter with the choroid membrane of the eye; ©, transition of the lene 
‘epithelium Into the lenefitres; le, leneepithelinm; &, anterior ebamber of the eyes 
4, Descrater’® membrane; 4, cornes ; Ae, cornea! opithelint. 


cylindrical cells; these in turn become still shorter and are 
continuous with the cubical cells (%) of the lens-epithelium. In this 
way there exists at the equator a zone of transition between the 
fibrous portion and the epithelial part of the lens, 

The next change consists in the elongation of the fibres until their 
anterior ends have reached the epithelium (fig. 267). Consequently 
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the vosicle has now become a solid structure, which, as the lens-core, 
furnishes the foundation of the lens of the adult. 

The further increase in the size of the lens is an appositional growth, 
Around the core first formed arise new lens-fibres, which are arranged 
parallel to the surface of the organ and are united into coats, ‘These 
lie in layers one over another, which in macerated lenses may be 
dotached like the conts of an onion. All fibres (fig. 268 if’, U7”) 
extend from the anterior to the posterior surface, where their ends 
meet one another along regular lines, which in the embryo and the 
new-born animal have the form of two three-rayed figures, tho 
so-called stars of the lene (fig. 268 vst and Ast). These exhibit the 
peculiarity that the rays of 
the anterior face alternate 
with those of the posterior 
face, so that the three rays 





of one star halve the spaces bs 

between the three rays of the Me 

other. let 
In the adult the figure 

becomes more complicated, 

because lateral rays arise on 1S 


each of the three chief rays. LAR 
How have the newly de- Fig. 268—Diagram of the arrangement of the 


posited fibres boon formed? ,.4et tt poite pations ofthe anterior et) 
‘Their origin ix ultimately to 


‘and the posterior (hv) stare of the Jena, 
be referred) to | the Jent-epk: 4s", Courso of the lene-fibres on the anterior 
thelium of the front surface 

of the organ. In these colls 


wirface of the Jeng ond their termination at 
the anterior atar of the Jens; /™, continuation 
of the sane fibres to the posterior #tar on the 
posterior surface, 


figures of nuclear division can 

frequently be observed even in late stages of development. The cells 
which result from division serve to replace those which grow out 
into lens-fibres, and are placed upon the already formed layers. 
The new formation takes place only at the equator of the lens 
(fig. 267) in the zone of transition (/’) previously described, where, 
in the adult as well as in the recently born animal, the cubical 
epithelial cells gradually merge into cylindrical and fibrous elements, 
as one can convince himself from any properly directed section. 

Tn the adult, a8 is well known, there exist no special provisions for 
the nutrition of the lens, which, after attaining full size, is not much 
altered, and certainly undergoes only a slight metastasis, With the 
embryo it is otherwise. Here a more active growth necessitates a 


4u4 EMBRYOLOGY. 


special apparatus for nutrition. This is furnished in Mammals by 
the tunica reaculosa lentis (figs. 266, 267 te). By this is understood 
4 highly vascular connective-tissue membrane, which envelops the 
outer surface of the capsule of the lens on all sides, In Man it is 
already distinctly developed as early as the second month, Its 
vessels aro derived from those of the vitreous body, Consequently 
on the posterior wall of the lens they are lange. These, resolved 
into numerons fine branches, bend around tly: equator of the lens, 
and run toward the middle of the anterior surface, where they form 
terminal loops, and also unite with blood-vesels of the choroid 
membrane (fig. 267 2). 

Separate parts of the nourishing membrane of the lens, having 
‘been discovered at different times by various investigators, have 
received special names, as membrana pupillaris, m. capenlo-pupillaris, 
m. capsularis, The first to be observed was the membrana pupillaris, 
the part of the vascular membrane which is situated behind the 
pupil on the anterior surface of the lens. It was the most easily 
found, because occasionally it persists even after birth as a fine 
membrane closing the pupil, and producing atresia pupille congenite, 
Later it was found that the membrana pupillaris is also continued 
laterally from the pupil on the anterior face of the lens, and this 
part was called membrana capsulo-pupillaris. Finally it was dis- 
covered that the blood-vessels are spread out on the posterior wall of 
the lens—the membrana capsularis. I¢ is superfluous to retain all 
these names, and most suitable to speak of a nutritive membrane of 
the lens, or & membrana vasculosa lentis. 

This vascular membrane attains its greatest development in the 
seventh month, after which it begins to degenerate. Ondinarily it 
has entirely disppeared before birth; only in exceptional cases do- 
some parts of it persist. Toward the end of embryonic life, more- 
over, the chief growth of the lens itself has ceased. For according 
to weighings carried on by the anatomist Huscnxe, it has a weight 
of 123 milligrammes in the new-born child, and 190 milligrammes 
in the adult, so that the total increase which the organ undergoes 
during life amounts to only 67 milligrammes. 


(8) The Development of the Vitreous Body. 


The question of the development of the vascular membrane of the 
lens leads to that of the vitreous body. As was previously men- 
tioned, fhere grows out from the embryonic connective tissue a 
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process with a vascular Joop, which makes its way into the primary 
optic vesicle and its stalk (fig. 265). The vascular loop then begins 
to send out new lateral branches; likewise the eonnective-tissue 
matrix, which is at first scanty, increases greatly and is characterised 
hy ite extraordinarily slight consistency and its large proportion of 
water (figs. 266, 267 9). There are also to be found in it here and 
there isolated stellate connective-tissue cella; but these disappear 
later, and in their place oecur migratory cells (leucocytes), which are 
assumed to be immigrated white blood-corpuscles, 

‘There are two opposing views regarding the nature and develop- 
ment of the vitreous body. According to Kessuzn we have to do, 
not with » genuine connective substance, but with a transudation,— 
0 fluid,—which has been secreted from the vaseular loops ; the cells 
are from the beginning simply immigrated white blood-corpuscles. 
Kotter, Scuwatex, and other investigators, on the contrary, 
regand the vitreous body as a genuine connective substance. Accord- 
ing to Scuwatne’s definition, to which I adhere, it consists of an 
exceedingly watery connective tissue, whose fixed cells have early 
disappeared, but whose interfibrillar substance infiltrated with water 
is traversed by migratory cells. The vitreous body is afterwards 
surrounded by a structureless membrane, the membrana Ayaloidea, 
which, according to some investigators, belongs to the retina, al- 
though, aceording to the researches of Scuwatee, this view is nob 
admissible, 

The vitreous body, which in the adult is quite destitute of blood- 
vessels, is hountifully supplied with them in the embryo. They 
come from the arteria eentralia retina, the branch of the ophthalmic 
artery that runs along the axis of the optic nerve. 

‘The arteria centralis retin is prolonged from the papilla of the 
optic nerve as a branch which is designated as the arteria hynloides. 
This, resolved into several branches, runs forward through the 
vitreous body to the posterior surface of the lens, where its numerous 
terminal ramifications spread out in the tunica vasculosa, and at the 
equator pass over on to the anterior face of the lens, During the 
last months of embryonic life the vessels of the vitreous body, to- 
gether with the nutritive membrane of the lens, undergo degenera- 
tion; they entirely disappear, with the exception of a rudiment of 
the chief stem, which runs forward from the entrance of the optic 
nerve to the anterior surface of the vitreous body, and daring the 
degeneration ix converted into a canal filled with fluid, the canalis 
Ayatoideus, 
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the Eye. 


‘The optic cup is further metamorphosed at the same time with 


epithelium (4) and corneal epi 
thetiuto (he), furnishes the fonda 


ment of the cores; ad, otter, 
@, inner layer of the seeondary 


optlo oup. 


the layer of mesenchyma which en- 
velops it, and which furnishes tho 
middle and outer tunics of the eye, 
so that it seems to be desirable to 
treat of both at the some time, T 
begin with the stage represented in 
figures 266 and 269. The optic cup 
still pomesses at this time a broad 
opening, in which the lens (/e) is om- 
braced. Tho latter is either separated 
from the epidermis by only an ex- 
ceedingly thin sheet of mesenchyma, 
as in the Mammals (fg. 266), or its 
anterior face is in immediate contact 
with the epidermis, as in the Chick 
(fig. 269). In the beginning, therefore, 
there is no separate fundament for 
the cornea between lens and epidermis; 
moreover, both the anterior chamber 
of the eye and the iris are wanting. 
The fundament of the cornea is de- 
rived from the surrounding mesen- 
chyma, which, as 9 richly cellular tissue, 
envelops the eyeball. In the Chick 
(fig. 269), a8 carly as the fourth day, 
it grows in between the epidermis and 
the front surface of the Jens as a thin 
sheet (bi). At first this sheet de struc 
tereless, then numerous mesenchymatic 
cells migrate into it from the margin 
and become the corneal corpuscles. 
These produce the corneal fibres in 
the same way that embryonic con- 
nective-tissue cells do the connective- 
tissue fibres, while the structureless 
sheet in part goes to form the cement- 
ing substance between them, and in 


part is preserved on the anterior and posterior walls as thin layers 
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destitute of cells; these layers, undergoing chemical metamorphosis, 
become respectively the membrana olastica anterior and the mem- 
brane of Duscemer. 

‘The internal endothelium of the cornea is developed at an extra- 
ordinarily early epoch in the Chick. For as soon as the structureless 
sheet previously mentioned (fig. 269 A) has attained a certain thick- 
ness, mesenchymatic cells proceeding from the margin spread them- 
selves out on its inner surface asa single-layered thin cell-membrane. 
With this begins also the formation of the anterior chamber of the eye. 
For the thin fundament of the cornea, which at first lay in immediate 
contact with the front surface of the lens, now becomes somewhat 
elevated from the latter, and separated from it by a fissure-like space 
filled with fluid (humor aquens), The fissure is first observable at 
the margin of the secondary optic cup, and spreads out from this 
region toward the anterior pole of the lens. The anterior chamber 
of the eye does not, however, acquire a greater size and its definite 
form until the development of the iris. 


‘Two opposing views exist concerning the origin of the structureless sheet 
which has been described as constituting the first fundament of the cornea in 
the Chick, According to Kessiee it is a [product of the scoretion of the 
epidermis, whereas the corneal corpuscles migrate in from the mesenchyma, 
In his opinion, therefore, the cornea is composed of two entirely different, 
fundaments, According to KOLLIke®, on the contrary, all its parts are 
developed out of the mesenchyma, and the homogeneous matrix simply outstrips 
the cells in its growth and extension, 


In Mammeala (fig. 266) the conditions differ somewhat from those 
of the Chick; for as soon as the lens-vesicle in Mammals is fully 
constricted off, it is already enveloped by a thin sheet of mesenchyma. 
(A) with few cells, which separates it from the epidermis, The thin 
layer is rapidly thickened by the immigration of cells from the 
vicinity, Then it is separated into two layers (fig. 267), the pupillar 
membrane (¢v) and the fandament of the cornea (A). The former is 
athin, very vascular membrane lying on the anterior surface of the 
lens; its network of blood-vesels communicates on the one hand 
posteriorly with the vessels of the vitreous body, together with which 
it constitutes the tunica vaseulosa lentis, and on the other anastomoses 
at the margin of the optic cap with the vascular network of the 
latter. The fundament of the cornea is first sharply delimited from 
the pupillary membrane at the time when the anterior chamber of 
the eye (k) is formed as a narrow fissure, which gradually increasee 
in extent with the appearance of the iris, 
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During these processes the condition of 
the optic cup itself has also changed. Its 
outer and inner lamelle continually be- 
come more and more unlike. The former 
(figs. 266, 267 pi) remains thin and com- 
posed of a single layer of cubical opi- 
‘thelial cells, Black pigment granules are 
deposited in this in increasing abundance, 
until finally the whole lamella appears 
upon sections as a black streak. The 
inner layer (+), on the contrary, remains 
entirely free from pigment, with the ex- 
ception of a part of tho marginal zone; 
the cells, as in the wall of the brain- 
vesicles, become elongated and spindle- 
shaped, and lie in many superposed layers. 

Moreover the bottom of the cup and 
its rim assume different conditions, and 
hasten to fulfil different destinies; the 
former is converted into the retina, the 
latter is principally concerned in the 
production of the ciliary body and the 
iris. 

The edge of the cup (tig. 267 rz, fig. 270%, 
and fig. 271) becomes very much reduced 
in thickness by the cells of its inner layer 
arranging themselves in a single sheet, 
remaining for a time cylindrical, and then 
assuming « cubical form. But with its 
reduction in thickness there goes hand 
in hand an increase in its superficial 
extent, Consoquently the margin of the 
optic cup now grows into the anterior 
chumber of the oye between cornea and 
the anterior surface of the lens, until it 
has nearly reached the middle of the 
latter. Then it at last bounds only a 
small orifice which leads into the cavity 
of the optic cuap—tho pupil. The pigment 
layer of the iris is derived from the mar- 
ginal region of the cup, os Kesstem first. 
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showed (fig. 2701 and), Pigment granules are now deposited in 
the inner epithelial layer, just asin the outer lamella, so that at last 
‘the two are no longer distinguishable as separate layers. 

The mesenchymatic layer which envelops the two epithelial 
Inmell keeps pace with them in their superficial extension. It 
becomes thickened and furnishes the stroma of the iris with its 
abundant non-striated muscles and blood-vessels (fig. 270%), In 
Mammals (fig. 267 2) this is for a time continuous with the 
tunica vasculosa lentis (é), in consequence of which the pupil in 
embryos is closed by a thin 
vascular connective - tissue 
membrane, as has already 
been stated. 

The part of the optic cup 
which is adjacent to the pig- 
ment Inyer of the iris and 
surrounds the equator of the 
long, and which likewise be- 
longs to the attenuated mar- 


ginal zone of the cup (fig. rm 
270 ck), undergoes an inter- a anagem neers tur oem, eae 





i i Kren, 
esting alteration. In CON three ciliary prooeesm feriitl by the folding of 
junction with the neighboring the optic cup are shown. 44, Convcetive-timus 
4 tis yart of the ciliary bedy; , inner layer, 
layer of connective substance, Fer of he eilry, bas, nner ner 
it is converted into the ciliary We, abveet of cont we that hax pene 





‘trated into the 





at fold. 





body of the eye. This process 
begins in the Chick on the 
ninth or tenth day of incubation (Kessixn), in Man at the end of the 
second or beginning of the third month (Kottixsr). The attenuated 
epithelial double lamella of the cup, in consequence of an especially 
vigotous growth in area, is laid into numerons, [nearly] parallel 
short folds, which are arranged radially around the equator of the 
lens As in the iris, so here, the adjacent mesenchymatic layer 
participates in the growth and penetrates between the folds in the 
form of fine processes. A eross section through the folded part of 
the optic cup of a Cat embryo 10 em. long (fig. 271) affords informa- 
tion concerning the original form of these processes in Mammals. 
It shows that the individual folds are very thin and enclose within 
them only a very small amount of embryonic connective tissue (i ') 

vith fine capillaries, and that, unlike the pigment epithelium of the 
iris, only the outer of the two epithelial layers (a) is pigmented, 
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whereas the inner (6) remains unpigmented even later and is 


Linnexx0xs remarks that the conula is distinctly recognisable 
which have attained half their definite size. If one takes out of an 
vitreous body togetber with the lens, and then removes the Intter by 
‘the capsule on the front side, the margin of the capsule 


appearnnce as those that are found elsewhere in the embryonic vitreous body 
at o later period” 


vitreous bedy; at the time when iris and ciliary 


sparse migratory cells, which are maintained, howerer, to bave no share in 
the formation of the fibres. 


The fundus of the optic cup (figs. 266, 267, 270) furnishes the 
most important part of the eye—the retina, The inner lamella of 
the cup (r) becomes greatly thickened, and, in consequence of its 
cells being elongated into spindles and overlapping one another in 
several layers, acquires an appearance similar to that of the wall of 
the embryonic brain. Subsequently it becomes marked off by an 
indented line, the ora serrata (at the place indicated by a star in 
fig. 270), from the adjoining attenuated part of the optic vesicle, 
which furnishes the ciliary folds. It also early acquires at its two 
surfaces a sharp limitation through the secretion of two delicate 
membranes: on the side toward the fundament of the vitreous body 
it is bounded by the membrana limitans interna; on that toward tho 
outer lamella, which becomes pigmented epithelium, by the membrana 
limitans externa, 

In the course of development its cells, all of which are at first 
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alike, become specialised in very different ways, as a result of 
which there are produced the well-known layers distinguished by 
Max Scavuurze I shall not/go into the details of this histological 
differentiation, but shall mention some further points of general 
importance, 

As Witret Murer in his “Stammesentwicklung des Seborgans 
der Wirbelthiere" has clearly shown, the development of the 
originally similar epithelial cells of the retina takes place in all 
Vertebrates in two chief directions: a part of them become sensory 
epithelium and the specific structures of the central nervous system— 
ganglionic cells and nerve-fibres; another part are metamorphosed into 
supporting and isolating elements—into MUxuen’s radial fibres and 
the granular [reticular or molecular] layers, which can be grouped 
together as epithelia! sustentative tissue (fulcrum). Finally, with 
the descendants of the epithelium are astociated connective-tissue 
elements, which grow from the surrounding connective tissue into 
the epithelial layer for its better nutrition, in the same manner as 
in the central nervous system. These ingrowths are branches of the 
arteria centralis retin» with their extremely thin connective-tissue 
sheaths, The Lamproys alone form an exception, their retina 
remaining free from blood-vessels, In all other Vertebrates blood- 
vessels are present, but they are limited to the inner layers of the 
rétina, leaving the outer granular (Kérner) layer and that of the 
rods and cones free; the latter have been distinguished as sensory 
epithelium from the remaining portions with their nerve-fibres and 
ganglionic cells—the brain-part of the retina. 

Of all the parts of the retina the layer of rode and cones is tho 
last to be developed. According to the investigations of Kénuren, 
Banvcmis, Max Scnurrze, and W. MU.ies, it arises as a product 
of the outer granular (Kérner) layer, which, composed of fine 
spindle-shaped clements, is held to be, as has boen stated, the essential 
sensory opithelinm of the eye. In the Chick the development of the 
rods and cones can be made out on the tenth day of incubation. 
Max Scuvnrzr states concerning young Cats and Rabbits, which 
are born blind, that the fundament of the rods and cones can be 
distinguished for the first time in the early days after birth; in 
other Mammals and in Man, on the contrary, they are formed 
before birth. 

In all Vertebrates, as long as rods and cones are not present, the 
inner layer of the optic cup is bounded on the side toward the outer 
layer by an entirely smooth contour, due to the membrana limitans 
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externa. Then there appear upon the latter numerous, small, 
lustrous elevations, which have been secreted by the outer granules 
or visual cells, The elevations, which consist of a protoplasmic 
substance and are stained red in carmine, become elongated and 
acquire the form of the inner limb of the retinal element. Finally 
there is formed at their outer ends the outer limb, which Max 
Senvurze and W. MUuten compare to o cuticular product, on 
account of its Iamellate structure. 

Tnasmuch as the rods and cones of the retinal cella grow out in 
this way beyond the membrana limitans externa, they penetrate 
into the closely applied outer lamella of the optic cup, which becomes 
the pigmented epithelium of the retina (figs, 266, 267, 270 pi); 
their outer limbs come to lie in minute niches of the large, hexagonal 
pigment-cells, so that the individual elements are separated from 
one another by pigmented partitions, 

A few additional words concerning the connective tissue enveloping 
the fandament of the optic cup. It acquires here, as on the ciliary 
body and the iris, n special, and for this region cl stamp. 
Tt is differentiated into vascular [choroid] and fibrous [sclerotic] 
membranes, which in Man are distinguishable in the sixth week 
(Kéurxer). The former is characterised by its vascularity at an 
early period, and develops on the side toward the optic cup a special 
layer, provided with a fine network of capillary vessels, the mem- 
brana choriocapillaris, for the nourishment of the pigment-layer and 
the Inyer of rods and cones, which have no blood-vessels of their 
own, It further differs from the ciliary body in the fact that at 
the fundament of the optic cup the choroid membrane is easily 
separable from the adjoining membranes of the eye, whereas in the 
ciliary body a firm union exists between all tho membranes, 

If we now glance back at the processes of development last 
deseribed, one thing will appear clear to us from this short sketch : 
that the changes in the form of the secondary optic cup are of 
pretminent importance for the origin of the individual regions of the 
eye. Through different processes of growth, which have reserved a 
general discussion in Chapter TV,, there have been formed in the eup 
three distinct portions. By means of an increase in thickness and 
various differentiations of the numerous cell-layers, there is formed 
the retina; by an increase of surface, on the contrary, is produced 
an anterior, thinner part, which bounds the pupil and is subdivided 
into two regions by tho formation of folds in the vicinity of the lens, 
From the folded part, which joins the retina at the ora serrata, is: 
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formed the epithelial lining of the ciliary body; from the thin portion 
which surrounds the pupil and which remains smooth, the pigmented 
epithelium (uvea) of the iris. Consequently there are now to be distin- 
guished on the secondary optic cup three regions, as retinal, ciliary, 
und iridal porta, To each of these territories the contiguous 
connective tissue, and-especially the part which becomes the middle 
tunic of the eye, is adapted in a particular manner ; here it furnishes 
the connective-tissue plate of the iris with its non-striated muscu- 
iature, there the connective-tisime framework of the ciliary body 
with the ciliary muscle, and in the third region the vaseular choroidea 
with the choriocapillaris and lamina fusca. 

In the development of the optic cup there arose on its lower wall 
a fissure (fig. 265 aus), which marks tho place at which the fanda- 
ment of the vitreous body grew into the interior of the cap. What 
is the ultimate fate of this fissure, which is usually referred to in the 
literature as choroid fissure? 

It is for a time easily recognisable, after pigment has been 
deposited in the outer lamella of the optic cup. It then appears on 
the lower median side of the eyeball asa clear, unpigmented streak, 
which reaches forward from the entrance of the optic nerve to the 
murgin of the pupil. 


The name choroid flesure takes its origin from this phenomenon. It was 
given ata time when the formation of the optic cup was not adequately known, 
when the pigmented epithelium was still referred to the choroidea, Therefore 
in the absence of pigment along a clear streak on the under side of the eyeball 
it was supposed that » defect of the choroidea—a choroid fissure—had been 
observed, 

The clear streak afterwards disappears, The fissure of the eye is 
closed by the fusion of its edges and the deposition of pigment in the 
raphe. In the Chick this takes place on the ninth day, in Man 
during the sixth or seventh week. 

In still another respect is the choroid fissure noteworthy. 

In many Vertebrates (Fishes, Reptiles, Birds) a highly vascular 
process of the choroidea grows through the fissure, before its closure, 
into the vitreous body and there forms a lamellar projection, which 
extends from the optic nerve to the lens. In Birds it has received 
the name “ pecten,” because it is folded into numerous parallel ridges, 
Tt consists almost entirely of tho walls of blood-vessels, which are 
held together by a small amonnt of a black pigmented connective 
tissne. 

In Mammals such a growth into the vitreous body is wanting 
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'Tho closure of the choroid fisware takes place at an early period and 
completely, 

Occasionally in Man the normal course of development is inter- 
rupted, so that the margins of the choroid fissure remain apart. The 
usual consequence of this isa defective development of the vascular 
tunic of the eye at the corresponding place—an indication of the 
extent to which the development of the connective-tissue envelope is 
dependent on the formative processes of the two epithelial layers, as 
has already been stated. Both retinal and choroidal pigment are 
therefore wanting along a streak which begins at tho optic nerve, so 
that the white sclora of the eye shows through to the inside and can 
be recognised in examinations with the ophthalmoscope. When the 
defect reaches forward to the mangin of the pupil, a fissure is formed 
in the iris which is easily recognised upon external observation of the 
eye. The two structures resulting from this interrupted develop- 
ment are distinguished from each other ns choroidal and tridal fissures 
(coloboma choroidew and coloboma iridis). 


(d) The Development of the Optic Neree. 


The stalk of the optic vesicle (fig. 272), by which the vesicle is 
united with the between-brain, is in direct connection with both 


lamelle of the optic cup, the primary 


optic vesicle having been infolded from 
below by the fandament of the vitreous 
body to form the cup. Its dorsal wall 
is continuous with the outer lamella or 
pigment-epithelium of the retina; its 
ventral wall is prolonged into the inner 
lamella, which becomes the retina. 
Thus, aside from the formation of the 
vitreous body, the development of a 
choroid fisewre also has a significance 
in view of the persistence of the direct 
nerve. For if we conceive the optic 
vesicle invaginated merely at its an- 
terior fuce by the lons, the wall of the 
optic nerve would be continued into 
tho outer, uninvaginated lamella only; direct connection with the 
retina itself, or the invaginated part, would be wanting. 
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Originally the optic nerve is a tube with a small Iumen, which 
unites the cavity of the optic vesicle with the third ventricle 
(fig. 264 4). Tt is gradually converted into @ solid cord, In the 
caso of most Vertebrates this is produced simply by « thickening of 
the walls of the stalk, due to cell-proliferation, until the cavity is 
obliterated, In Mammals only the larger portion, that which adjoins 
the brain, is metamorphosed in this manner; the smaller part, that 
which is united with the optic vesicle, is, on the contrary, infolded by 
the prolongation of the choroid fissure backward for some distance, 
whereby the ventral wall is pressed in against the dorsal, Con- 
soquently the optic nerve here assumes the form of a groove, in 
which is imbedded a connective-tissue cord with « blood-vessel that 
becomes the arteria centralis retin. By the growing together of 
the edges of the groove, the cord afterwards becomes completely 
enclosed. 

For a time the optic nerve consists exclusively of spindle-shaped, 
radially arranged cells in layers, and resembles in its finer structure 
the wall of the brain and the optic vesicle. Different views ave held 
concerning its further metamorphoses, and especially concerning the 
origin of nerve-fibres in it, Differences similar to those concerning 
the origin of the peripheral nerve-fibree are maintained. Upon this 
point three theories have been brought forward. 

According to the older view, which Lreperxeuy shares, the optic 
fibres are developed in loco by the elongation of the spindle-shaped 
cells. According to His, Kériixer, and W. Miftrer, on the con- 
rary, the wall of the optic vesicle furnishes the sustentative tissue 
only, whereas the nerve-fibres grow into it from outside, either from 
the brain toward the retina (His, Koutsker), or in the reverse direction 
(MUtxen). The stalk of the optic vesicle would constitute, according 
‘to this view, only a guiding structure as it were—would predeter- 
mine the way for its growth. When the ingrowth has taken place, 
the sustentative cells are, as Krier describes them, arranged 
radially and #0 united with ono another that they constitute a 
delicate framework with longitudinally elongated spaces, In the 
latter are lodged the small bundles of very fine non-nuclear nerve- 
fibres and numerous cells, arranged in longitudinal rows, which 
likewise belong to the epithelial austentative tissue and help to 
complete the trestle.work. 

Tho embryonic optic nerve is enveloped in a connective-tissuo 
sheath, which is separated, ag in the cise of the brain and secondary 
optic cup, into an inner, soft, vascular and an outer compact 
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fibrous layer, The former, or the pial sheath, unites the pia mater 
of the brain and the choroid membrane of the eye ; the latter, or the 
dural sheath, is continuation of the dura mater and at the eye- 
ball becomes continuous with the sclerotica, Later the optic nerve 
acquires a still more complicated structure, owing to the fact that 
vascular procestes of the pial sheath grow into it and provide tho 
norve-bundles and the epithelial sustentative cells belonging to them 
with connective-tissue investments, 


‘As has been previously stated, the direction in which optic fibres grow into 
the stalk of the optic vesicle is still a sabject of controversy. H18, with whom 
Koutrxee is in agreement, maintains that they grow ont from groupe of gang~ 
onic cells (thalamus optious, corpora quadrigemina), and are only secondarily 
distributed in the retina, He supports his view on the one hand by the agree 


W. MCLLER, on the contrary, believes that the outgrowth takes place in the 
opposite direction; he maintains that the nerve-fibres arise as prolongations of 
the ganglionic cells located in the retina, and that they enter into wnion with 
tho central nervous apparatus only secondarily. Ho 4a strengthened in his 
opinion by the conditions in Petromyzon, which he declares to be one of the 
most valuable objects for the solution of the controversy concerning the origin 
of the optic nerve, I refer, moreover, in connection with this controversy, to 
the section which treats of the development of the peripheral nervous system 
(p. 452), 


(e) The Development of the Accessory Apparatus of the Bye. 


‘There aro associated with the eyeball auxiliary apparatus, which 
serve in different ways for the protection of the cornea: the eyelids 
with the Meibomian glands and the eyelashes, the lachrymal glands: 
and the lachrymal ducts, 

‘The eyelids, the upper and under, are developed at an early period 
by the formation, at some distance from the margin of the cornea, of 
two folds of the skin, which protrude beyond the surface. The folds 
grow over the cornea from above and below until their edges meet 
and thus produce in front of the eyeball the conjunctival sac, which 
opens out through the fissure between the lids. The sac derives its 
namo from the fact that the innermost layer of the lid-told, which is 
reflected on to the anterior surface af the eyeball at the fornix con- 
junctivw, is of the nature of a mucous membrane, and is designated 
as the conjunctiva, or connecting membrane, of the eye. 

Tn many Mammals and likewise in Man thero is during embryonic 
life a temporary closure of the conjunctival sac. The edges of the lids 
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become united throughout their whole extent, their epithelial invest- 
ments fusing with each other. In Man the conerescence begins in 
the third month, and usually undergoes retrogression a short time 
before birth. But in many Reptiles (Snakes) the closure is perma- 
nent. Thus thin transparent membrane is formed in front of the 
cornes. 

Tn Man during the concrescence of the eyelids there are developed 
at their margins the Meibomian glands, The cells of the rete 
Malpighii begin to proliferate and to send into the middle connective- 
tissue plate of the eyelid solid rods, which afterwards become covered 
with lateral buds, The glands, at first entirely solid, acquire a 
lumen by the fatty degeneration and dissolution of the axial cells. 

At about the time of the development of the Meibomian glands, 
the formation of the eyelashes takes place ; this corresponds with the 
development of the ordinary hair, and therefore will be considered 
along with the latter in a subsequent section of this chapter. 

In most of the Vertebrates there is associated with the uppor 
and under lids still a third, the nictitating membrane or membrana 
nictitans, which is formed at the inner [median] side of tho eye as 
a vertical fold of the conjunctiva. In Man it is present only in a 
rudimentary condition as plica semilunaris. A number of small 
glands which are developed in it produce a small reddish nodule, 
the caruncula lnerymalis. 

The lachrymal gland is an additional auxiliary organ of the eye, 
which is destined to keep the sac of the conjunctiva moist and the 
anterior surface of the cornea clean. In Man it is developed in the 
third month through the formation of buds from the epithelium of 
the conjunctival sac on the outer side of the eye, at the place where 
the conjunctiva of the upper lid is continuous with that of the eye- 
ball. The buds form numerous branches, and are at first solid, like 
the Meibomian glands, but gradually become hollow, the cavity 
beginning with the chief outlet and extending toward the finer 
branches. 

A special efferent lachrymal apparatus, which leads from the inner 
angle of the eye into the nasal cavity, has been developed for the 
removal of the secretions of the various glands collected in the 
conjunctival sac, but particularly the lachrymal fluid. Such an 
apparatus is present in all classes of Vertebrates from the Amphibia 
upward; its development has been especially investigated by Bory in 
# series of researches, 

In the Amphibia it begins to be formed at the time the process of 


488 EMBRYOLOGY. 


chondrification becomes observable in the membranous nasal capsule. 
At that time the mucous layer of the epidermis, along a line that 
extends from the median side of the eyedirectly to the nasal cavity, 
undergoes proliferation and sinks into the underlying connective- 
tissue layer as a solid ridge. Then from the nose to the eye the 
ridge becomes constricted off, subsequently acquires a lumen, whereby 
it is converted into a canal lined with epithelium, and opens out into 
the nasal cavity. Toward the eye-end the canal is divided into two 
tubules, which at the time of detachment from the epidermis remain 
in connection with the conjunctival sac and suck up out of it the 
lachrymal fluid. 
In Birds and Mammals, including Man (fig. 273), the place where 
the lachrymal duct is located is early marked externally by a furrow 
which runs from the inner angle of 
the eye to the nasal chamber, By 
means of this furrow two ridges, which 
play an important part in the for- 
mation of the face,—the maxillary 
process and the outer nasal process, 
—are sharply marked off from each 
other; these will engage our atten- 
tion later, According to Costs and 
Kériixer the lachrymal duct arises 
by the simple approximation and con- 
crescence of the edges of the dackrymal 
groove. These older conclusions have 
been contradicted by Bouy and Lreat, 
one of whom has investigated Reptiles and Birds, the othor Mammals. 
According to them there arises, in nearly the «ame manner as in 
Amphibia, through proliferation of the mucous epithelium, at the 
bottom of the lachrymal groove an epithelial ridge, which becomes 
detached but is not converted into a canal until a rather late period 
When we niise the question, how phylogenetically the lachrymal 
duct may have first originated, we shall doubtless find that it has 
been derived from a groove, by means of which the sne of the con- 
junctiva and the nasal chamber are first put into connection. When, 
therefore, we sco the lachrymal duct established from the very begin- 
ning simply as a solid ridge, as for example in the Amphibia, we 
must call to mind how in other casos also originally groove-like 
fundaments, such as the medullary furrow, make their appearance, 
under special circumstances, as solid ridges. 
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Finally, as far as regards the development of the lachrymal tubules in Birds 
and Mammals, Borx and Leqat refer the upper tubule to the proximal 
part of the epithelial ridge, and maintain that the lower one buds out from 
the upper, EWETSKY, on the contrary, declares that the proximal end of the 
epithelial ridge expands at the inner angle of the eye, and becomes divided 
by the ingrowth of underlying connective tissue, and metamorphosed into the 
two tubules, so that both arise from a common fundament, 


Summary. 


1, The lateral walls of the primary fore-brain vesicle are evaginated 
to form the optic vesicles, 

2. The optic vesicles remain united by means of a stalk, the 
future optic nerve, with that part of the primary fore-brain vesicle 


* which becomes tho between-brain. 


3. The optic vesicle is converted into the optic cup through the 
invagination of its lateral and lower walls by the fandaments of the 
lens and vitreous body. 

4, At tho placo where the lateral wall of the primary optic vesicle 
encounters the onter germ-layer, the latter becomes thickened, then 
depressed into a pit, and finally constricted off as a lens-vesicle. 

5. The cells of the posterior wall of the lens-vesicle grow out into 
lens-fibres, those of the anterior wall become the lens-<¢pithelium. 

6, The fundament of the lens is enveloped at the time of its 
principal growth by a vascular capsule (tunica vasculosa lentis), whick 
afterwards entirely disappears. 

7. The membrana capsulo-pupillaris is the anterior part of the 
tunica vasculosa lentis and lies behind the pupil. 

8. The development of the vitreous body causes tho choroid 
fissure, 

9. The optic cup has double walls; it consists of an inner and an 
outer epithelium, which are continuous with each other at the open- 
ing of the cup, which embraces the lens, and at the choroid 
fissure. 

10. Mesenchymatic cells from the vicinity grow in between the 
lens and the somewhat clowly applied epidermis to form the cornea 
and Desceuer’s membrane, the latter being separated from the 
tunica vasculosa lentis by a fissure, the anterior chamber of the 
eye. 

11, The optic cup is differentiated into a posterior portion, within 
the territory of which its inner layer becomes thickened and con- 
stitutes the retina, and an anterior portion, which begins at the ora 
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sorrata, becomes very much reduced in thickness, and extends over 
the front surface of the lens, growing into the anterior chamber of 
the eye antil the originally wide opening of the cup is redaced to the 
size of the pupil. 

12, The anterior attenuated portion of the cup is, in turn, divided 
into two zones, of which the posterior becomes folded at the periphery 
of the equator of the lens to form the ciliary processes, whereas in 
front it remains smooth; so that in the whole cup three parts 
may now be distinguished, as retina, pars ciliaris, and pars iridis 
retin. 

13. Corresponding to the three portions of the epithelial optic cup, 
the adjoining connective-tissue envelope takes on somewhat different 
conditions as the choroid proper, and as the connective-tissue frame- 
work of the ciliary body and that of the iris, . 

14, The skin surrounding the cornea becomes infolded to form the 
upper and lower eyelids and the nictitating membrane, of which the 
last is rudimentary in Man, persisting only as the plicn semilunaris. 

15, The epithelial layers of the edges of the two eyelids grow 
together in the last months of development, but become separated 
again before birth. 

16. The lachrymal groove in Mammals passes from the inner 
angle of the eye, between the maxillary and outer nasal processes, 
to the nasal chamber, 


17. The lnchrymal duct for carrying away the lachrymal fluid is 
formed by the downgrowth and constricting off of an epithelial ridge 
from the bottom of the Inchrymal groove, the ridge becoming 
hollow. 

18. Thotwoluchrymal tubules are developed by the division of the: 
epithelial ridge at the angle of the eye. 


B. The Development of the Organ of Hearing. 


In the cuse of the ear numerous parts of quite different origin 
unite, in much the same manner as in the cast of the eye, to form a 
single very complicated apparatus; of these, too, it is the portion 
to which the auditory nerve is distributed—the membranous labyrinth: 
with its auditory epithelium—that is by far the most important, out- 
stripping as it does all the remaining parts in its development? it 
must consequently be considered first. 
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(a) The Development of the Otocyst into the Labyrinth, 

‘The membranous labyrinth is preéminently a product of the outer 
germ-layer. However great its complication in tho adult is—a 
complication that has given it the name labyrinth,—its earliest 
fundament is exceedingly simple. It arises on the dorsal surface of 
the embryo in the region of the medulla oblongnta (fig. 263 g), above 
tho first visceral cleft and the attachment of the second visceral arch 
(fig. 274 above the numeral 3), Here over a circular territory the 
outer germ-layer becomes thickened and soon sinks down into an 
cuditory pit. This process can be traced very easily in the embryo 
Chick on and after the end of the second day of incubation, and 
in the embryo Rabbit fifteen 
days old. ‘The anditory nerve 
makes its way from the brain, 
near at hand, to the fundus 
of the pit, where it terminates 
in a ganglionic enlargement. 

The Bony Fishes alone ex- 
hibit a deviation from these 
conditions Just asthe central 
nervous system was in their 





F74.—Head of « human embryo 75 b 
case formed not as a tube, but oe) ok nesousetd Fis is beent ed 


ax a solid body, and the eye sy, snaitory vesiele lee above the fing west 


not as a vesicle, but as an left, In the olrcumfarence of the viecerst 
epithelial ball, so we soo here {ial Mint ame en wich thecateenat 


that instead of an auditory ‘ear is developed. 

pit there is formed by means 

of the proliferation of the outer germ-layer a solid epithelial plug. 
This, like the brain-tube and the eye-vesicle, acquires an internal 
chamber at « later period only—namely, after being constricted off. 

‘The next stage shows the pit converted into an auditory vesicle. 
In the Chick this takes placo in the course of the third day. Tho 
invagination of the outer germ-layer grows deeper and deeper, and 
by the approximation of its margins becomes pear-shaped ; soon the 
connection with the outer germ-Jayer becomes entirely lost, as is shown 
by a section through the head of an embryo Sheep (fig. 275 44), 

In nearly ali Vertebrates the auditory vesicle is constricted off 
from the ectoderm in the same manner. The Selachians are an 
exception : here the auditory vesicle which is metamorphosed into the 
labyrinth retains permanently its connection with the surface of the 
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body in the form of a long narrow tube, which traverses the cartila~ 

ginous primordial cranium and is in union dorsally with the epidermis 
Ts and Gs tath, vies A gouienain ca 

In its forat fundament the organ of hearing in Vertebrates resembles 

in the highest degree those structures which in the Invertebrates are 

interpreted as organs of hearing. Those are lymph-filled vesicles lying 
under the skin, which are likewise developed out of the epidermis, 

Either they are wholly constricted off from the epidermis, or 

they remain connected with it by means of a long, ciliate, epithelial 

canal, as in the Cephalopods, even after they have become surrounded 

by connective tissue. In both 

«4 cases the vesicles are lined 

«With epithelium which con- 

» ‘Sista of two kinds of coll : 

firat of low, flat. elements, 

which ordinarily exhibit ciliary 

movements and thereby put 

in motion the fluid within the 

vesicle, and secondly of longer 

cylindrical, or thread-like, au- 

ditory cells with stiff hairs, 

lymph. The auditory cells are 


either distributed individually 


ata particular place into an 
auditory epithelinm,—the au- 
_ ditory patch (macula acustica) 
or the auditory ridge (crista acustica),—which may be either single 
or double, To all the auditory vesicles of the Invertebrates there 
is sent, moreover, a nerve which ends at the sensory cells in fine 
fibrille. Finally, there is present as a characteristic structure a 
firm, crystalline body, the otolith, which is suspended in the midst 
of the endolymph and is ordinarily set in vibration by the motion 
of tho cilia. It consists of crystals of phosphate or carbonate of 
lime. 
Sometimes there is only a single large, in most cases concentrically 
laminated, spherical body, sometimes a number of small calearcous 
erystals, which are held together by means of a soft pulpy substance. 
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It is difficult to follow the formation of the otoliths within the 
otocyst. In one case, which For was able to follow, they were 
developed by an epithelial cell in the wall of the vesicle. The cell 
secretes small calcareous concretions in its protoplasm, becomes 
enlarged in consequence, and protrudes as an elevation into the 
endolymph. When it has become more heavily loaded with caleic 
salts, it is connected with the wall by means of a stalk only, and 
finally it becomes entirely detached from the wall and falls into the 
cavity of the vesicle, in 
which it is kept’ float- 
ing and rotating by the 
ciliate cells, 

In Vertebrates the 
otocyst, which, as we 
have seen, agrees in its 
first fundament with 
the organ of hearing 
in Invertebrates, is con- 
verted into a very com- 
plicated structure,—the 
membranous labyrinth, 
—the evolution of which 


Fig. 276.—Membranous labyrinth of the left side of & 


in Mammals I shall de- 
scribe in some detail. 
It undergoes metamor~ 
phoses, in which the 
formation of folds ant 
conatrictions plays the 
principal part (fig. 276). 

The auditory sac de- 
tached from the epi- 
dermis, and lying at the 


(human) embryo, after a wax model by Knauer. 


rt, Recemas Inbyrinthi ; se, duotus cochlesria Ab, pocket 
{from which the horizontal wemicireulas canal ie formed ; 
cow’, enlargement of the pocket which becomes the 
‘ampulla of the horisontal canal ; am (PH), ¥W, * com- 
moh pocket from which the two vertioal emicirealar 
eanals are developed ; axe (v3), enlargement of the 
common poeket from whieh the ampulls of the an- 
torior vertical canal arian An opening (6) has been 
formed in the pocket, through which ope see the 
recomus Labyrinth. * Region of tho pecket which 
becomes the comaon arm of the two vertical cauale 
(eins superior) ; #0’, past of the common pocket whiol 
furniahes the ponterior vertical canal. 





side of the after-brain, soon exhibits a small, dorsally directed pro- 
jection, the recessus labyrintht or ductus endolymphatious (fig. 275 rl). 
Probably we have to do in this with the remnant of the original 
stalk by means of which the auditory vesicle was connected with the 
epidermis, According to some investigators, on the contrary, the 
stalk disappears ontirely and this evagination is a new stracture. 
‘The first assumption is favored especially by the previously mentioned 
condition in the Selachians—the presence of a long tube, which 
maintains « permanent connection between labyrinth and epidermis. 
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Later this appendage of the labyrinth (figs. 276-9 ri!) grows out 
dorsally to a great length, during which its walls come into close 
contact with each other, excepting at the blind end, which is enlarged 
into a small suc (fig. 279 ri *). 
Meanwhile the wuditory sac itself (figs. 275-7) begins to be 
elongated and to be formed into a ventrally directed conical process 
(de), the first fundament of the ductus cochlearis, which is curved inward 
a little toward the brain (fig. 277 nA), and the concave side of which 


‘Fig. 271.—Oross seotion through the head of » Sheep embryo 16 
nbyrinth-sas, On the right aide ie represented a section 
of the asa ; on the left, one that is situated somewhat farther 


Ties in close contact 
ment (gc) of the 9 
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was early ascertained by the zoUlogist Rarnxe in the case of Coluber. 
Recently Knravse bas still further elucidated the interesting pro- 
cesses by the construction of wax models of the conditions in 
mammalian embryos. 

As is to be seen from the various sections (figs. 277, 278), but still 
better from the model (fig. 276) produced by reconstruction, the 
semicircular canals are developed by the protrusion of several evagina- 
tions of the wall of the sac, which have the form of thin pockets or 
dises (Ab, ob) with a 
semicircular outline. 
‘The marginal part of 
each stich evagina- 
tion now becomes 
considerably en- 
larged, whereas the 
remaining portions 
of the two epithelial 
layers come into close 


o 
contact and begin to f 
fuse, As the result iz 
of this simple process 

—the enlargement at = 


the margin and the 
fusion of the walls 
which takes place in 
the middle—there is 


formed a semicireular The: 570 esas sagen seen mak Sho ad OCs es 
‘ Sheep # om. long, in the region of the labyrinth, after 

canal, which commu- Lorrrcmren. Magnisied 90 dlaiweters. 

nicates at two places — t, Recewus labyrinthi; ef, Ad, vertical anil horizontal sami- 





f circular canals; 0, wirioulue; f, invant-prafecting fold, 
with the original bby which the labyrinth-asc i divided into utriculus wnd 
cavity of the vesicle, secular; de, dtus oscar ge, ganglion exchere, 





At one of its open- 

ings the canal ix early enlarged into an wmpulla (fig. 276 am 
and am’), The middle part, in which the fusion bas taken place, 
soon disappears, the epithelial membrane being broken through by « 
growth of the connective tissue (fig. 276 0). 

There exists an interesting difference between the development of 
the horizontal and the two vertical canals, which was discovered by 
Kravse., Whereas the horizontal canal is established as a small 
pocket by itself (fig. 276 hb), the two vertical canals arise together 
JSrom a single large pocket-like fundament (fig. 276 aw (vb), *, vb’). 
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‘The walls of this large pocket come into contact with each other and 
fuse at two different places. At one of them there has already 
been formed, in the preparation from which this model (fig. 276) was 
constructed, an opening (3) by the resorption of tho fused epithelial 
arens, whereas at the second place (ed') the epithelial mombrane is 
still preserved. Between the fused parts of the pocket there remains _ 
open a middle region, which is indicated in the model by an asterisk, 


ae 
Pig. 279.—View produced by combination from two cross sections thrvugh the labyrinth of « 
embryo 2:4 em. long. after Boerrcwen. 
ri, Recessus laliyrinthl ; pl*, ite MaakLike enlargement ; wh Ad, vertioal and horizontal canale; 
U, utriowtus ; §, moeulos ; f, fold by mewue of which the labyrinth te dieidied into moeutian 
nd nitrlowins; cr, exnalls renniens ; de, ductns eorhlenris ; Kt, cartitaginows capwule cf tee 
4p, slows petrowns inferior. 


and this becomes the common arm (sinus superior) of the two vertical 
canals. Thus embryology furnishes for this peculiarity, too, a simple 
satisfactory explanation, 

‘That which remains of the upper portion of the auditory vesicle, 
after the semicircular canals bave grown forth from its wall, is 
called the wériculus (figs. 278-80 0). 

Meanwhile no less significant and fundamental alterations take 
place in the lower part of the auditory sac and lead to the formation 
of sacculue and ductus cocklearie. 
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By a continually deepening constriction (fig. 279 f) the lower 
portion (S) is delimited from the utriculns (7), and finally 
remains connected with it by a very narrow tubule only (canalis 
utriculo-saccularis—figs, 280 2 and 2829). Since the constriction 
affects exactly that place of the labyrinth-sac from which the 
recesus labyrinthi arises, the opening of the latter subsequently 
comes to lie within the territory of the canalis utriculo-saccularis, at 
about its middle (figs, 280 Rand 282,). In this manner there is 
produced an appearances as though the mcessus labyrinthi were split 
at its beginning into two narrow tubules, one of which leads into the 
sucoulus, the other into the utrieulus, 

By a second deep constriction (figs. 279, 280. 282) the sacculus 
(S) is separated from the developing ductus cochlenris (de). Here 
also a connection is 
maintained by means 
of an extraordinarily 
fine connecting tubule 
only (er), which Huxsex 
discovered and has de- 
seribed as canalie ree O77 
uniens. The ductus 
cochlearis itself in- pe oy 
creases greatly im Fig, 290,—Diagram to illustrate the ultimate condition of 
length, at atthe sume yhememnenmeran Waa 
time begins to be rolled Anbyrinthi: ©, esvhlea; A, bling sae of the expolas 
up in spiral turns in ¥,, veatitalar blind sao of the dactus voehlearis. 
the soft, enveloping, em- 
bryonic connective tissue, until in Man it describes two and a half 
turns (figs. 280 @ and 282 Con). Since tho first whorl is the 
largest, and the others are successively narrower, it acquires a great 
resemblance to & snail-shell, 

‘The alterations in the external form of the vesicle are accompanied 
by changes in the nature of its epithelium also, This is separated 
into the indifferent epithelial cells, which simply serve as a lining, 
and the real auditory cells. The former are flattened, becoming 
cubical or seale-like, and cover the greater part of the inner surface 
of the semicircular canals, the sacculus, the utriculus, the recessus 
labyrinthi, and the ductus cochlearis. The auditory cells, on the 
contrary, are elongated, become cylindrical or spindle-shaped, and 
acquire at the free surface hairs, which project into the endolymph. 
By the separation of the vesicle into its various divisions the 

32 





tory epithelium is distributed into an equal number of separate 
ws, to which then the auditory nerve is distributed. Ac- 
the auditory epitheliam is resolved into a macula acustiea 
Lag arabe tgerttiersta ienctl sc 
of the ampullm of the semicircular canals, and into an 
complicated termination in the ductus cochlearis, ‘Here 
ium grows out into a long spiral band, which is 


3 


ve 


of the auditory epithelium into macule, 
Contr, the originally single auditory nerve 
to the auditory vesicle is likewise resolved into separate 
branches, We distinguish in the case of the auditory nerve the 
nervus vestibili, which is in turn divided into numerous branches 
distributed to the macule and criste, and the nereus cochlem. 
The originally single ganglion acusticum belonging to the auditory 


ite 


adjoins the terminal distribution of the nerve. In the embryo it 
(figs. 277, 278 ge) is closely united with the fundament of the ductus 


(fig. 283 gap). 


(8) Development of the Membranows Har-Capsule into the Bony 
Labyrinth and the Perilymphatic Spaces. 


All of the changes which have bewn mentioned hitherto have 
proceeded from the epithelial vesicle which was constricted off from 
the outer germ-layer, It is now my purpose to direct attention to a 
series of processes which take place around the epithelial cavities, in 
the mesenchyme in which they are imbedded. ‘The processes lead 
to the formation of the bony labyrinth, the perilymphatic spaces 
and soft conneetive-tissuo layers, which are intimately joined to the 
purely epithelial structures hitherto treated of, and with the latter 
are embraced in descriptive anatomy under the name of membranous 
labyrinth. (I 
ment of the neural tube and of the eye, in whieh cases also the eonnes- 
tive-tissue surroundings are modified in a special manner and with 
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reference to the epithelial parts, In the present instance there are 
produced structures which are comparable with those existing in the 
former cases, a8 has already been pointed out by Koutiken, ScawaLne, 
and others. 

‘The comparison may be earried into details. The parts arising 
from the primitive auditory vesicle are at first surrounded by a soft, 
vascular connective-tissue layer, as the neural tube and the epithelial 
optic cup are. To the pia mater of the brain corresponds the 
vascular membrane of the eye and the soft ear-capsule, or the 
connective-tissue wall of the membranous labyrinth. Around all 
three organs a firm envelope has been developed for the purpose of 
protection; around the brain the dura mater with the cranial 
capsule, around the eye the selerotica, and around the organ of 
hearing the bony labyrinth with its periosteum. To these is to be 
added still a third noteworthy agreement. In all three cases the 
soft and firm envelopes are separated by more or less considerable 
fissure-like spaces, which belong to the lymphatic system. Around 
the nenral tube the subdural and the subarachnoid spaces are found, 
around the eye the perichoroid fissure, around the organ of hearing 

* the perilymphatic spaces, which have received in the cochlea the 
special names of scale (fig. 283 S7' and SV). 

The details of the formation of the enveloping structures around 
the epithelial auditory vesicle are as follows :— 

Soon after the auditory sac is constricted off from the epidermis it 
is enveloped on all sidea by a richly cellular mesenchyme, the indivi- 
lun cells of which lie in an extremely scanty, soft, and homogeneous 
intercellular substance, and possess each a large nucleus with a thin 
protoplasmic covering having short processes. Gradually the envelope 
is differentiated into two layers (figs. 279, 281). In the vicinity of 
the epithelial canals the soft intercellular substance increases in 
amount; the cells become either stellate or spindle-shaped, in the 
former case sending out long processes in various directions, There 
is formed here that modification of connective substance known as 
mucous or gelatinous tissue (figs. 281 and 283 g), in which there are 
also blood-vessels. Outside of this the cells remain smaller and more 
closely crowded together, and are separated from one another by thin 
partitions of a firm intermediate substance, With an increase of 
the latter the tissue soon acquires the character of embryonic 
cartilage (kk). 

‘The further changes must be followed separately in the semi- 
circular canals, the utriculus and sacculus atid the ductus cochlearis, 


EMBRYOLOGY, 


‘The three semicircular canals do not lie exactly in the middle of the 
cavities of the embryonic cartilage containing the gelatinous tissuer 
but are so situated that their convex borders are in almost immediate 
contact with the cartilage, whereas their concave sides are separated 
from it by a thick layer of gelatinous tissue. The latter is differen- 
tinted into three layers: into a middle portion, in which the gelatinous 
intercellalar substance is greatly increased in volume, and becomes at 
the same time more fluid, and into two limiting layers, which are 
converted into fibrous connective tise. One of the two [the inner} 
is intimately united to the epithelial tube, for the nutrition of which 


dee de cae od 


Hh sy mown 6S Oo 


‘Fig. #81—Section through the cochlea of « Sheep embrys 7 om. long, after Borrrewen 
Magnified 20 diametara, 

44, Cartilaginous capeute of tye corhles ; S svcontus with the nerve (ia) distributed to it: 
0, weelete 5 a ete ensnected ith ons iae: nica) One ting Oe aE 
to the mooulus; grr, gangtion spirale ; dc, ductus cechloaris ; C, COmT's Orpen : Lily 
‘Alene in the periphery of the ductus coshlearis ; , more compact connective-tinsne layers. 


it provides by means of a close network of blood-vessels distributed 
through it; the other [tho outer] lies on the inner surface of the 
cartilaginous envelope and becomes its perichondrium. 

‘The gelatinous tissue of the middle layer is of only short duration. 
It soon shows signs of degeneration, The stellate cells become filled 
with fat granules in the vicinity of their nuclei and in their long 
processes ; Inter they disintegrate, In tho gelatinous matrix there 
are formed, by a continually advancing process of softening, cavities 
filled with fluid. ‘These increase in size and then become confluent, 
until finally thero has arisen between the connestive-tissue membrane 
of the semicircular canals and the perichondrium, im place of the 
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gelatinous tissue, a large space filled with perilymph, which is indicated 
in the diagram, jig. 282, in black, Here and there, however, 
connective-tissue cords remain running from one layer of connective 
tissue to the other, and serving as bridges for the nerves and blood- 
vossels which are distributed to tho semicirenlar canals, 

Finally, « last alteration takes place in the cartilaginous envelope 





‘Fig. 262. —Diagrammatio representation of the whole organ of hearing in Man, fons Wernrtaiteia. 

Onter car: M, Af, soricle; Mae, meatus wuditorins externus; 0, ite wall; At, membenta 
tympani, Middle gar; 2, Ch, caram tympani; 0%, ite wall; SAp, wund-coudnctiog 
apparatus, which is drawn ay a imple rod-like body tm place of the auditory caicles 5 the 
place t corresponds to the stapatial plate, which closes the fenewtra ovalie: 7b, tuba 
Bustachii ; 70’, ite opening into the pharynx; 0°, its wall. labyrinth 
URL, KL) for the mous part aut away ; 8, sscealus ‘two vertical wcanbra yous ind 
cameos somicirealar canale; 8.1, Dy, saecus and ductus eudolymphatious, of which the 
latter Is divided at 2 into two arma; Cp, cavum perilympbaticum ; Cr, eaualie reunions ; 
Com, membranous cochlea, which produces at 4 the vestibular cwweusn ; Com’, bony coshilea 5 
4p and St, scala vestibol! and sada tsiopani, whieh at * communicate with each other a& the 
cupula terminalis (OF): Dip, ductas perilymphations, which arises from the scale tympant 
td and opens out at J.p', The horimntal pemictrenlar canal 1+ oot specially desigoated, 
ot is easily recognimble, 


by its becoming converted into bone-substance by endochondral 
cssification. Thus the membranous semicircular canals are enclosed 
in the bony semicircular canals (fig. 282 @ and 6 AL), which are 
enlarged reproductions of the former. 

Corresponding changes (fig. 282) are also accomplished in the 
periphery of the utriculus and sacculus (.S), and lead to the formation 
of (1) a’perilymphatie space (Cp), which is in communication with 











No seagulls ksi aaeaicnda acid (2) a bony 
envelope (K'Z') of the atrium or vestibulum, which constitutes the 
middle region of the bony labyrinth. 

‘The envelope of the epithelial cochlear duct, which becomes the 
bony cochlea with its scalw, undergoes a more complicated alteration. 
It is already differentiated, at the time when the duct (fig. 279 de) 
makes only half of a spiral turn, into an inner, soft and an outer, 
firm layer, the latter becoming cartilage (tk). The cartilaginous 
capsule (fig, 281 £4), which is continuous with the cartilaginous 
mass of the remaining parts of the labyrinth and together with them 
constitutes a part of the os petrosum, afterwards encloses a lenticular 
cavity and possesses below a broad opening, through which the coch- 
Jear nerve (nc) enters, Tho resemblance to a snail-shell is not yet 
observable ; it takes place gradually and is produced by two changes = 
by the outgrowth of the epithelial duct and by the differentiation of 
the soft tissue surrounding it into parts which are fluid and such as 
become more firm, 

In its outgrowth the epithelial ductus cochlearis describes within 
its capsule the previously méntioned spiral turns (de), shown in cross 
section in fig. 283; at the same time it remains quite closely approxi- 
mated to the inner surface of the capsule (£k). The cochlear nerve 
(ne) ascends from its place of entrance straight up through the 
centre of the turns, consequently in the axis of the capsule, and 
gives off nomerous lateral branches to the concave side of the 
cochlear duct (de), where they are enlarged into the ganglion 
(ysp), which has now also grown out into a spiral band. The 
nutritive blood-vessels have taken the same course as the nerves. 

When the development has advanced as far as this, there still 
remains to be accomplished only an histological differentiation in 
the soft mesenchyme which fills the cartilaginous capsule in order to 
produce the parts of the finished cochlea that are still wanting—the 
inodiolus, the lamina spiralis ossea, the bony cochlea, and the vesti- 
bular and tympani scale (fig. 283), Here, as in the vicinity of the 
semicircular canals the utriculus and the saccalus, the mesenchyme 
is differentiated into a firmer connective substance, which becomes 
fibrous, and into a gelatinous tissue (g), which is continually becoming 
softer, Fibrous connective substance is developed first around the 
trunks of the nerves (no) and blood-vessels that enter the 
capsule; furnishing the foundation of the future bony axis of the 
snail-shell (1), secondly it fornishes an envelope for nerve-fibres (7) 
that run from the axis to the epithelial cochlear duct, for the gangli- 
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onic cells (gsp), and for the blood-vessels, and constitutes a connective. 
tissue plate which is subsequently ossified to form the lamina spiralis 
ossea. Thirdly, it clothes with a thin layer the epithelial ductus, 
serving for the distribution of the blood-vessels on the latter, and 
together with it is designated as the membranous ductus cochlearis. 
Fourthly, it lines the inner surface of the cartilaginous capsule as 
perichondrium (P). Finally, fifthly, there is formed a connective 
tissue plate (¥) extending between the cartilaginous ridge which, 
as previously described, projects inward from the capsule and the 
connective-tissue axis of the cochlea (Jf). It is stretched out between 
and separates the successive turns of the membranous cochlear duct, 
so that the latter now comes to lie in a large canal, the wall of which 
is in part cartilaginous, in part membranous, This canal is the 
foundation of the bony cochlea. 

That portion of the mesenchyme which is not converted into 
fibrous connective tissue becomes gelatinous tissue (g and g’), It 
forms between the parts just mentioned two spiral tracts, one of 
which is located above and the other below the membranous ductus 
cochlearis and the membranous Jamina spiralis. The tracts there, 
fore occupy the place of the scala vestibuli (SV) and the scala 
tympani (ST). The latter arise, even before the process of ossifica- 
tion begins, in exactly the same way as the perilymphatic spaces 
in the case of the semicircular canals and the vestibule, In the 
gelatinous tissue the matrix becomes softer and more fluid, and 
the cells begin to undergo fatty degeneration, Small fluid-filled 
cavities make their appenrance ; these become joined to one another, 
and finally the whole spaco occupied by gelatinous tissu is filled 
with perilymph. ‘The process of softening begins at the base of the 
cochlea in the region of the first spiral (ST and SV), and advances 
slowly toward the cupola. Here vestibular and tympanic sal finally 
unite, after the last remnant of the gelatinous tissue has been dis- 
solved, Figure 283 exhibits a stage in which, at the base of the 
cochlea, the perilymphatic spaces (SV and ST) have been formed, 
and only small remnants of the gelatinous tissue (g’) aro, present, 
wherens at the apex of the cochlea the process of liquefaction of 
the gelatinous tissue (g) has not yet taken place. 

With the development of the scalm the membranous ductus 
cochlearis changes form. Whereas its cross section was formerly 
oval, it now assumes the form of a triangle (de). For those portions 
of the wall which are adjacent to the vestibular and tympanic scale, 
and which have been named from them, gradually become flattened, 
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and are stretched out smoothly between the free margin of the lamina 
spiralis and the inner wall of the cartilaginous capsule, In this process 
the tympanic wall (C) comes to lie in the same plane as the lamina 
spiralis, the vestibular wall (fe) forms with the tympanic an acute 
angle, and the third wall (2) is everywhere in close contact with the 
perichondrium of the cartilaginous capsule. 

‘The epithelial lining of the membranous ductus cochloaris assumes 
very different conditions in the three corresponding regions of its 
wall. Whereas the epithelial cells of the vestibular and the onter 
walls become in part cubical, in part quite flat, those of the tympanic 
wall become elongated, and are in connection with the terminal fila- 
ments of the cochlear nerve ; they produce the complicated organ of 
Cort (0), which, like the auditory ridges and auditory patches of 
the ampullm, the sacculus and utriculus, contains the terminal ends 
of the auditory nerve. 

‘The construction of the intricate cochlea approaches completion 
with the beginning of the process of ossification. The latter is accom- 
plished by two methods. First, the cartilaginous capsule ossifies in 
the endochondral manner, as does the whole cartilaginous os petrosum, 
of which it constitutes a small part, ‘The osssous tissue thus formed 
is for ‘a long time spongy and provided with largo medullary spaces. 
Secondly, the previously mentioned fibrous connective-tissue layers — 
the partitions between the cochlear canals, the connective-tixsuc 
axis or the modiolus and the lamina spiralis—undergo direct ossifi- 
cation, At the same time compact bone-lamelle are laid down from 
within on the spongy bane-tissue formed from thecartilaginous capsule; 
theso lamellw are formed, as Borrrcner has shown, by the original 
perichondrinm, which becomes the periosteum, Consequently the 
‘bony cochlear capsule, since it is produced by periosteal secretion, 
may be easily detached from the loose osseous tissue of endochondral 
origin during early post-natal years, 


(c) Development of the Accessory Apparatus of the Organ of Hearing, 
(Middle and External Ear.) 


With the membranous and bony labyrinth, which are together 
called the inner ear, there is associated a subsidiary apparatus, in the 
same way that the eye-muscles, the lida, and the lachrymal glands 
and ducts are added to the eyoball. 1t is made up of structures 
which are wanting in the lower Vertebrates (Fishes), but, beginning 
to be developed in the Amphibia, become more and mare complete in 


the higher forms, Their function is to transmit vibrations to the 
labyrinth, and consequently they are together called the conducting 
®pparatus, From their position they are also known as middle and 
outer ear. The former consists in Mammals, where it attains its 
highest development (dingram, fig, 284), of the tympanic cavity (Ct), 
the Eustachian tube (74), and the three auditory ossicles (SAp); the 
latter, of the tympanic membrane (Jf), the external meatus (Mae)y 
and the external ear or auricle (M), Tho statoment just made, that 
these parts are wanting in Fishes, is to be taken cum grano salis; it 
is ss a sound-conducting apparatus only that they are wanting, for 
they are present even in the cago of Fishes, but only as structures 
of a different function and in « more simple condition. For the 
various accessory apparatus of the organ of hearing are developed 
ont of the first visceral cleft and certain parts which are located in 
ite periphery. 

Here also it will be well to acquaint ourselves with the original— 
the initial condition, for which the Selachians may serve as an 
example, 

In them the greater part of the first visceral cleft, which is 
situated between the mandibular and hyoid arches and between the 
nervus trigeminus and n. acustico-facialis, disappears; at the side 
of the throat it becomes closed, remaining open only at the origin, or 
base, of the two visceral arches. It then has the form of a short 
canal, which posiesws a small round opening at its inner and 
another at its outer ond, and which passes in vory close proximity to 
the Inbyrinth-region of the skull, in which the organ of hearing ix 
located. ‘The canal, here called the spiraclo, has no longer anything 
to do with respiration, since the branchial leaflets on its wall have 
undergone degeneration, Owing to its position in the immediate 
vicinity of the labyrinth, it presents, even in the Selachians, the best 
course for the propagation of the sound-waves to the inner ear, and 
this is the chief ground for its entering wholly into the service of 
the organ of hearing in the remaining Vertebrates, and for its being 
developed in a more serviceable manner for this particular function, 

The structures in the higher Vertebrates corresponding to the 
spiracle of the Sclachians are (Sg. 204) te oper 
the Eustachian tabe (73), and the external meatus (Mae). ‘They 
likewise are. developed out of the upper part of the first visceral 
cleft. Although it has recently been asserted by certain investi- 
gators (Ursantscurrecr) that they have nothing to do with the 
first visceral cleft, but are established independently by the evagina- 
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tion of the pharynx, this view is opposed not only to comparutive. 
anatomical considerations, but also to statements of KOutiKer, 
Moxpexnaver, and Horrwaxs, which relate to the development in 
Reptiles, Birds, and Mammals. 

Tn the classes of Vertebrates just mentioned the first visocral 





Fig. 24.—Diagrammatic representation of the whole organ of hearing in Man, from Wixpemserix 

Owler ear: Of, M, auricle; Mor, meatus suditorios externua; O, ite wall; Mt, membrana 
tympani, Muldie oer; Ct, €% cavum tympani; O', ite wall; S4p, sound-conducting 
apparatus, which i drawn asa simple rodlike bedy in place of the auditory cesicles ; the 
pince corresponds to the stapedial plate, which close the fenestra ovalls; 7%, tuba 
Rustachil ; 70’, its opentog into the pharynx ; 0%, Ite wall. nner ears the bony labyrinth 
(kt, KL) for the mont part cat away ; &, sacculus ; a, 5, the two vertloal membranous and 
emeous semniciroular canals; Sr, Dis, saeus and ductus endolymphaticus, of which the 
Jntter is divided at 2 into two arms; Cp, evan perilymphatioum ; Or, canadis reunions ; 
Om, membranous cochlea, which produces at + the vestibular omeara ; Con’, bouy cox 
Se nod Se, soala veatibull and scala tympant, which at * communicate with each other at the 
capala terroinalis (C1); Dp, ductos gerilymphatious, which arises from the sale tympant 
abdtand opens out a D.p', The horizontal semiciroolar canal is not specially devignated, 
wut & eaally recogainabie. 














cleft is closed in its upper part also, contrary to the condition in 
Solachians,* 

The closure becomes more firm and complete owing to the in- 
growth of a connective-tissue layer between the inner and outer 
epithelial plates. Remnants of the first visceral cleft are preserved 

* See the statements discussed ina previous chapter (p, 287), concerning 


the mooted question whether the visceral ctefts remain closed by means of 
an epithelial membrane or are temporarily open. 





on both sides of the closing membrane as depressions of greater or less 
depth ; an inner one on the side toward the pharyngeal cavity, and 
an outer one which is surrounded by ridges of the first and second 
visceral arches, 

‘The inner depression, which is called canalis or suleus tubo-tym- 
panicus (pharyngo-tympanicus), is located, like the spiracle, between 
trigeminus and acustico-facialis. It becomes the midile ear, and is 
enlarged by an evagination that is directed upward, outward, and 
backward. The evagination inserts itself between the labyrinth and 
the place of closure of the first visceral cleft, and takes the form of 
@ laterally compressed space, which is now to be distinguished as 
tympanic cavity from the tubular remnant of the sulcus tympanicus, 
or Eustachian tube. Its lumen is very small, especially in the case 
of advanced'embryos of Man and Mammals, its lateral and moiian 
walls being almost in immediate contact. This results chiefly from 
the fact that there ix present beneath the epithelial lining of the 
middle ear « richly developed gelatinous tissue. The latter still 
encloses at this time structures,—the auditory ossicles and the 
chords tympani,—which later come to lie, as it were, freo in the 
tympanic cavity. 

‘The tympanic membrane also is now in» condition very unlike 
that which it afterwards acquires. The history of its formation is 
by no means so simple as was formerly supposed. For it is not 
derived exclusively from the narrow closing membrane of the first 
visceral cleft; the neighboring parts of the first and second mom- 
branous visceral arches alao participate in its production, The 
embryonic tympanic membrane is therefore at first a thick con- 
nective-tissue plate, and encloses at its margins the auditory oasicles, 
the tensor tympani, and the chorda tympani. The reduction in the 
thickness of the tympanic membrane takes place at a late period, 
simultaneously with an increasing enlargement of the tympanic 
cavity, Both are brought about by shrinkage of the gelatinous 
tissue, and by an accompanying growth of the mucous membrane 
lining the tympanic cavity. Wherever the gelatinous tissues disay 
the mucous membrane takes ita place, inserting itself between the 
individual ossicles and the chorda tympani, which thus come to 
lie apparently free in the tympanic cavity, In reality, however, 
they lie outside of it, for they continue to be clothed on all sides by 
the growing mucous membrane, and are connected with the wall of 
the tympanic cavity by means of folds of that membrane (malleus 
fold, incns-fold, ete.), in much the same manner as the abdominal 





organs which grow into the body-cavity are invested by the peri- 
topeam and supported from its walls by the mesenteries, 

With a reduction in the thickness: of the tympanic membrane 
there occurs a condensation of ita connective-tissne substance, 
whereby it is enabled to fulfil its ultimate function as a vibrating 
membrane. 

A more extended discussion of the development of the auditory 
ossicles will be deferred to a subsequent section, which deals with the 
origin of the skeleton. At present, only a few words further—oon- 
corning the formation of the external ear, which, as has already beon 
peak pietae deni Aen nO 
of closure of the first viscoral cleft. Its 

has been minutely inves- 
tigated in the Chick by Moupexmaven 
and in the human embryo by His, As 
the lateral view of a very young human 
embryo (fig. 274) shows, tho first visceral 
cleft is surrounded by ridge-like margins, 
which belong to the first and second 
visceral arches, and are early divided into 
six elevations designated by Arabic nu- 
merals, From these is derived the auricle, 
which therefore involves a rather exten: 
sive tract of the embryonic head (the 
pars auricularis). The pocket between 
the ridges, at the bottom of which the 
tympanic membrane is met with, becomes 
the external meatus, This is continually oe ene tre. 
growing deeper owing to the surrounding : 3 
wall of the side of the face becoming greatly thickenod; finally it. 
is developed into a long canal, the wall of which is in part bony, 
in part cartilaginous. The six elevations mentioned, which sur 
round the orifice of the external meatus, togother constitute a 
bulky ring. The accompanying representation (fig. 285) shows 
clearly its metamorphosis into the external ear, It shows that 
out of the elevations 1 and 5 the tragus and antitragus are 
developed, out of 2 and 3 the helix, and out of 4 the antihelix. 
‘The lobule of the ear remains for a long time small; it is not 
until the fifth month that it becomcs more distinet, It is derived 
from the hillock marked with the numeral 6. At tho close of the 
second month all the essential parts of the external oar aro easily 
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recognisable; from the third month onward the upper 
part of the auricle grows out more from the surface 
and it acquires greater firmness upon the differentiati 
suricular cartilage, which had already begun at the 
second month, 


Sowmanr, 


1, The most essential part of the organ of hearing, the mem- 
branous labyrinth, is developed at the side of the after-brain above 
the first visceral cleft from a pit-like depression of the outer germ- 
layer. 

2. By closure the auditory pit becomes the auditory vesicle; it 
sinks down and becomes imbedded in embryonic connective tissue, 
from which the cranial capsule is subsequently developed. 

3. The auditory vesicle acquires the complicated form of the 
membranous labyrinth by various evaginations of its wall, and 
becomes differentiated into the utriculus, with the three semicireular 
canals, into the sacculus with the canalis reuniens and the cochlea, 
as well as into the recessus vestibuli, by means of which sacculus 
and utriculus remain permanently connected with each other. 

4, The auditory nerve and the auditory epithelium, which are 
at first single, are likewise divided—as soon as the vesicle is 
differentiated into a number of regions—into several nerve-branches 
(nervus vestibuli, n. cochlew) and nerve-terminations (the criste 
acusticew of the three ampullss, a macula acustica for the utriculus 
and another for the sacculus, and the organ of Corr1), 

5. The embryonic connective tissue, in which are enclosed the 
anditory vesicle and the products of its metamorphosis, is differen- 
tiated into three parts :— 

(a) Into thin connective-tissue layer, which {s closely applied 
to the epithelial wall and together with it constitutes 
the membranous labyrinth ; 

(8) Into a gelatinous tissue, which becomes liquetied during 
embryonic life and furnishes the perilymphatic spaces 
(in the cochlea the scala vestibuli and the scala tym- 
pani) ; 

(c) Into a cartilaginous capsule, from which there arises by a 
process of ossification the bony labyrinth. 

6, The middle and outer ear are derived from the upper part 
of tho first visceral cleft (the spiracle of Selachians) and its 
periphery. 
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7. The tympanic membrane, which at first is rather thick and 
only gradually becomes reduced to a thin, tens’ membrane, is de- 
veloped out of the closing plate of the first visceral cleft and the 
‘adjacent parts of the visceral arches. 

8. The tympanic cavity and the Eustachian tabe are developed 
out of a depression on the median side of the tympanic membrane,— 
the sulcus tubo-tympanicus,—and out of an evagination om it 
extending upward, outward, and backward. 

9. The tympanic cavity is at tirst extremely small, the connective 
tissue of the mucous membrane that surrounds it being gelatinous 
[and voluminous]. 

10. The auditory ossicles and the chorda tympani lie at first 
outside the tympanio cavity in the gelatinous tissue of its wall ; it is 
only after shrivelling of the gelatinous tissue that they come to lie 
in folds of the mucous membrane, which project into the now more 
capacious tympanic cavity (incus-fold, malleus-fold). 

11. The external meatus is developed from the periphery of the 
depression that lies on the lateral side of the tympanic mombrano ; 
the auricle arises from six elevations, which are: converted into 
tragus, antitragus, helix, antibelix, and the lobule of the ear. 





C. The Development of the Organ of Smelt. 

‘The organ of smell is, like the eye and ear, a product of the outer 
germ-layer, from which it is developed somewhat later than the two 
higher sensory organs. It first becomes noticeable, at either side 
of the broad frontal process (fig. 274) previously described, as a 
thickening of the outer germ-lnyer which His has designated in 
human embryos ax nasal area. Both fandaments soon become more 
distinct owing to the fact that each nasal area becomes depressed 
into a kind of trough, the edges of which rise up as folds (fig, 286). 
An olfactory lobe, which has been formed meantime by an evagina- 
tion of the cerebral vesicle, grows out on either side to the thick- 
oned epithelium of this area, where its nerve-fibrille terminate. 

‘The two olfactory pits, which are formed in « similar manner in 
all Vertebrates with the exception of the Cyclostomes, in which only 
an unpaired pit arises, are separated from each other by a consider- 
able distance, They therefore appear at first as distinctly paired 
structures, whereas in their ultimate condition in the higher 
Vertebrates they have approached each other toward the median 
plane and become an apparently unpaired organ, the nose. 


512 EMBRYOLOGY. 


The study of the development of the organ of smell acquires 


Fig. 186.—Frotal reconstruction of the oro-pharyngeal 
avi st asia nape is of Mh) 115 se 
neck measurement. From His, * Mensehliebe Eu 
Dryonen.” Magnified 12 diameters, 
Pisa tak ots 3a lpesneeliy Se Sse er 
(he pomerior visceral arches are not ‘visible 
reer xince Ghey have moved Into the 
depths of the cervical sins, 


additional interest, when 


‘one takes inte account 


the comparative - ana~ 
tomical conditions, It 
is then found that the 
various stages through 
which the organ of smell 
pasees during embryonic 
life, in Mammals for 
example, have been 
preserved as permanent 
conditions in lower 
classes of Vertebrates, 
Thus in the case of 
many groups of Fishes 
the organ of smell is 
preserved, as it were, in 
its initial ‘stage in the 
form of a pair of pits. 
Upon closer histological 
investigation, however, 
this condition acquires 
& special interest, be~ 


cause it presents points of comporteon with simpler sensory organs 


which are distri- 
buted over the in- 
tegument Ax 
Brave especially 
has shown in a 
meritorious work, 
the olfactory 
nerve does not 
terminate in this 
enso in a con. 
tinuous olfactory 


epithelium, but in a te acu totesn ctueane after fe Highly Beeeolaie! 
individual,sharply —r, Olfeetory Wad ; Je, indifferent eillate epithelium in sevend 
aitiaatistd ck layers; 4, bimnoh of the elfsotery merve. 

gans (fig. 287 rk), which, although closely crowded in an indifferent 
ciliate opithelium (Jz), are nevertheless separated from each other, 
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The organs (r2) consist of numerous fine, rod-like cells, which at 
their free ends bear fine bristles and are united into bundles that 
are distinctly delimited from the ordinary cells of the epidermis. 
‘They closely resemble the sensory nerve-terminations which are abun- 
dantly and widely distributed in the epidermis of Fishes and other 
lower Vertebrates—the beaker-like organe or the nervous end-buds, 
Brave has therefore named them olfactory buds. He proceeds from 
the conception that, like the similarly constructed gustatory buds 
of the oral cavity, they are descended from tho sensory organs 
distributed over the whole integument. The organ of smell is 
simply a depressed patch of the skin richly provided with terminal 
nervé-buds, which, undergoing a change of function, has come to sub- 
serve a specific sense. The continuous ; 
olfactory epithelium of the higher Ver- 
tebrates has arisen from the originally 
scattered, isolated olfactory buds (fig. 
287 rk) by « process of fusion, the in- 
different epithelium (fe) having gradu- 
ally disappeared, In certain species of 
Fishes and Amphibia such a transition 
can be demonstrated. 

‘The further development of the organ 
of smell is especially characterised by 
the olfactory pits coming into relation 
with the oral cavity. Each of them 
(Gg. 286) develops a furrow which 
runs downward to the upper margin 
of the mouth and receives on its outer 
side the previously described lachrymal groove, coming in an oblique 
direction from the eye. asx! pit and nasal furrow become deeper 
in older embryos (fig. 288), owing to their margins protrading out- 
ward as ridges and forming the so-called énner and outer nasal pro 
ceases. The two inner nasal processes are separated from each other 
by a shallow furrow running from above downward ; they togetber 
produce a thick partition between the two olfactory pits that in the 
higher Vertebrates subsequently becomes more and more reduced in 
thickness. They also furnish the middle of the roof of the mouth, 
The outer nasal processes (ulso called the lateral frontal processes by 
His) form on either side a ridge protruding between the eye and tho 
organ of smell, and furnish the material for the formation of the 
lateral walls of the nose and the alw, Their lower margins meet 

33 
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the front end of the transversely located maxillary processes, from 
which they are delimited externally by the lachrymal grooves. 

On the median wall of the nasal pit there exists a special small 
depression, which was first found by Dunsy in mammalian embryos, 
and which ix also observable in human embryos at a very ently stage 
(rs). Tt ix the fundament of Jaconsoy’s organ, which afterwards 
mukes its way into the septum of the nose, It receives from the 
olfactory nervo n special branch, which is indeed of remarkable size 
in embryos. 

‘Tho stage with the nasal groore exists ne the permanent condition fn many 
Selachians. In these cues tho deep nasal pits, which are enclosed in a car 
tilaginons capsule, and the macous membrane of which is raised wp into 


Tig. BY%.—Roat of the oral cavity of & human embers with the 
Tundamente of the palatal peovevses, after His, MaguiBat 
10 imaseriern, 


the second month, 
oxhibits the organ of smell converted into two ennals, which bave 
beon produced by the fusion of the margins of the two grooves, 
expecially that of the inner nasal process with the maxillary process, 
which advances toward the median plane. ‘The eanals now possess: 
two openings, the externa? and the tnternal nasal orifice (fig. 289) or 
the nares. The two external nares lie only # little above the border 
of the mouth-opening ; the internal, in the roof of the primitive oral 
cavity, on necount of which they have been named by Dunay the ® 
Primitive palatal clefts, They arv located far forward, only a little © 
removed from the edge of the mouth, « position which they retain 
permanently in the cane of the Dipnoi and Amphibia, At first 
round, they aftorwards become elongated and assume the form of 
® fissure ranning from in front backward, 


With the metamorphosis of the organ of smell fnton canal leading 
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into the oral cavity,—which has been effected in all Vertebrates that 
breathe by means of lungs,—a second! function has been assumed. It 
is now not exclusively a sensory organ for the perception of cdors, 
but serves at the same time to conduct currents of air both to and 
from the oral and pharyngeal cavities and the lungs. It has become 
a kind of respiratory atrium for the apparatus of respiration. The 
assumption of this accessory function gives a special stamp to the 
later stages of the development of the organ, and is to be taken into 
account in a proper estimate of it, For the course of the further 
development is most of all determined by the tendency to an exten- 
sive enlargement of the surface of the olfactory chamber. The 
increase of snface, however, does not affect the real olfactory 
mucous membrane or sensory epithelium, to which the olfactory 
nerve is distributed, but rathor the ordinary ciliate mucous membrane, 
It is therefore less connected with an improvement of the sense of 
smell than with an accessory function in the process of respiration. 
By an increase of the surface of the soft, vascular mucous membrane 
the air that is wept over it becomes warmed and freed from particles 
of dust, which are caught by the moist surface. From this time 
forward therefore one must distinguish a rygio offactoria and a regio 
respiratoria. The former, which is derived from the sensory 
epithelium of the original olfactory pit, remains relatively small, 
receives the terminations of the olfactory nerve, and is limited in the 
case of Man to the region of the upper turbinal process and a part 
of the septum nasi. It is the respiratory function that causes the 
vast dimensions which the organ of smell attains in the higher 
Vertebrates. 

The increase én the sunfuce of the nasal cavity is produced by three 
different events: (1) by the formation of the hard and soft palate, 
(2) by the development of the turbinal bones, (3) by the appearance 
of the accessory cavities of the nose. 

‘The first event begins in Man toward the end of the second month, 
There is then formed on the inner surface of the maxillary process 
(fig. 289) a ridge, which projects into the wide primitive oral cavity 
and grows out horizontally into # plate. The right and left palatal 
plates at first embrace between them a broad fissure, through which 
may be seen the original roof of the oral cavity and on this the inner 
nasal orifices, which become more and more slit-like and are separated 
by a bridge of substance which has arisen from the median frontal 
process and can now be designated as the nasal septum. In the 
third month the embryonic palatal ferure becomes gradually narrower, 
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eanidiage 5 J, organ af Lacomon ; J*, the 
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narrow palatal fissure indicated by an asterisk, 
In figure 291 the fusion has taken place, In this manner the 
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primitive oral cavity ix divided into two storeys, one above the other. 
One, the upper part, becomes associated with the organ of smell, to 
the enlargement of which it contributes; it is distinguished from the 
space that arose from the original olfactory pit, or the olfactory 
labyrinth, a8 naso-pharyngeal passage. This opens behind into the 
pharynx by means of the posterior nares, The lower part becomes 
the secondary oral cavity. ‘The partition that has been formed from 
the maxillary process is the palate, which later, when the develop- 
ment of the bones of the head can be traced, is differentiated into the 
hard and the soft palate. 

A small portion of the palatal fissure, which in young embryos 
traverses the palate from in front backward and unites oral and 
nasal cavities (fig. 290°), is preserved in most Vertebrates and con- 
stitutes the ductus nasopalatinus or Stenson's duct. A probe may be 
passed through it from the nasal to the oral cavity. In Man the 
duct of Srensow is closed during embryonic life; there is preserved, 
however, in the palatal process of the bony maxilla at the correspond- 
ing place a vacuity, the cunalis incisivus, occupied by connective 
tissue, blood-vessels, and nerves. 

Where the ducts of Srexeos aro present, there are found in their 
vicinity the organs of Jaconsox, concerning which the statement has 
already been made that they are established very carly as special 
depressions of the two olfactory pits. In Man this organ is converted 
into a narrow tube, which lies a little above the canalis incisivus and 
“ pursues a straight course backward and slightly upward close to 
the cartilaginous partition, ending blindly” (Souwatnn). In Mam- 
mals the organ is more highly developed (figs. 290, 291 J); it is 
enveloped in a special cartilaginous capsule (Jaconson’s cartilage, 
Jk) and receives a special branch of the olfactory nerve, which ter- 
minates in a sensory epithelium, which agrees with that of the 
regio olfactoria. Frequently («g., in Ruminantia) it opens into the 
beginning of Srensoy's canal, which in this case remains open as 
& communication between nasal and oral cavities. 

1 cited the formation of folds as the second means of increasing the 
internal surface of the organ of smell. These are developed in 
Mammals (figs. 290, 291) and in Man on the lateral walls of the 
nasal chambers; they ran parallel to one another from in front 
backwanl ; their free margins grow downward, and in consequence of 
the forms which they assume are called the three nasal turbinated 
processes, while the spaces between them are designated as upper, 
middle, and lower nasal passages. From the cartilaginous cranial 
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capsule they receive in Man as early as the second month a support, 
which subsequently ossifies. In many Mammals the turbinated 
processes acquire a complicated form owing to the production upon 
the first fold of numerous smaller secondary and tertiary folds, which 
become peculiarly bent and rolled up. On account of the complicated 
form resulting from the production of the turbinated processes the 
olfactory sac has received the name of offactory labyrinth, 

‘Thirdly and lastly, the mucous membrane of the nose is increased 
in extent by the formation of evaginations which grow out partly 
into the ethmoid region of the cranial capsule, which consista of 
cartilage during early stages of development, and partly into a number 
of the covering bones (Belegknochen). 

Tn this manner are formed the namerous small cribriform pite in 
tho cartilaginous cribriform plate, Somewhat later (in Man during 
the sixth month) an evagination into the upper jaw is developed into 
the antrem of Hiaraore. Finally, after birth ovaginations penetrate 
into the body of the sphenoid bone and into the frontal bone, pro- 
ducing the sinus sphenoidales and sinus frontales, which, howover, 
attain their full development only at the timo of sexual maturity. 
In many Mammals the enlargement of the nasal cavity takes 
place even farther backward into the body of the occipital bone 
(sinus cecipitales), Inasmuch as the accessory cavities of the nose 
take the place of bone-substance, they naturally contribute to the 
diminution of the weight of the cranial skeleton. 

In connection with the account of the organ of smell the formation 
of the external nose ought now to be briefly considered. It is 
developed out of the frontal process and the parts designated ax 
nasal processes (figs. 286, 258, and 289), these becoming elevated more 
and more above the level of the surrounding parts. At first broad 
and bulky, the nose Jater becomes thinner and longer and acquires 
characteristic forms. The nostrils, which at their formation are far 
apart, come together in the median plane. Whereas the distanoo 
in an embryo five weeks old is, as His has shown by measurements, 
1-7 mm., it has become reduced in an embryo seven weeks old to 
12 mm., and in one somewhat older to 08 mm. The median frontal 
process is correspondingly reduced in thickness and furnishes the 
nasal septum, 

Summary. 

1, The organ of smell is developed out of two pit-like depresions 
of the outer germ-layer, which are formed on the frontal process at 
a considerable distance from each other. 
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2. Ata later stage the pits are united with the angle of the oral 
cavity by menns of the nasal grooves. 

3. The inner and outer margins of the olfactory pits and the nasal 
grooves project out as ridges and constitute the inner and outer nasal 
Processos, 

4. By fusion of the margins of the nasal grooves the organ of 
smell is converted into two nasal passages, which open out on the 
frontal process by means of the external nares and on tho roof of 
the primitive oral cavity a little buck of the upper lip by means of 
‘the internal nares, 

5. The internal nares afterwards become fissure-like and move 
nearer together, owing to the nasal septum becoming thinner and 
growing downwant somewhat into the primitive oral cavity. 

6. The upper part of the primitive oral cavity shares in the forma- 
tion of the organ of smell and serves for the increase of its re- 
spiratory region, since horizontal ridges (the palatal processes) grow 
inward from the maxillary processes toward the lower margin of the 
nasal septum, with which they fase, and produce the hard and soft 
palate. 

7. In the organ of -xmell a further enlargement of the spaces 
serving for respiratory purposes is produced by 

(a) The formation of folds of its mucous membrane, by which 
the turbinated processes arise ; 

(6) Evaginations of its mucous membrane into the adjacent 
parts of the cartilaginous and bony cephalic skeleton 
(formation of the “cells” in the eribriform plate, the 
frontal and sphenoidal sinuses, and the antrum of 
Hicnaong). 

8. In human embryos there is early formed in the olfactory pit 
® special depression of the outer germ-layer as fandament of the 
organ of Jacousox, which receives a special branch of the olfactory 
nerve. 

9, Jaconsoy’s organ comes to lie at the base of the nasal septum 
remote from the olfactory region. 

10, The ducts of Srexsoxs in many Mammals and the canales 
incisivi in Man are preserved as remnants of the so-called palatal 
fissures—the original fissure-like communications between nasal 
cavities and secondary oral cavity, 
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II, The Development of the Skin and its Accessory Organs, 
Having now become acquainted with the physiologically more 
important functions of the outer germ-layer,—which consist in the 
of the nervous system and the sensory organs,—I give a 
short survey of the changes which take place in the remaining part, 
which is now designated as primitive epidermis (Hornblatt). This 
furnishes the whole outer skin of the body or epidermis and ‘the 
numerous and various organs that are differentiated ont of it, such 
as the nails, the hair, and the sweat-, sebaceous, and milk-glands, 


(a) The Shin, 


‘The epidermis of Man is, according to the statements of Kénuucen, 
very thin during the first two months of development, and consists of 
only two single layers of epithelial cells, Of these the superficial 
layer exhibits flattened, transparent, hexagonal elements; the deeper 
‘one, on the contrary, consists of smaller cells; so that already there 
is indicated by this a differentiation into a corneous and a mucous 
layer. Even now, too, a detachment of epidermal cells begins to 
manifest itself. For the outer cell-layer is soon found to be in 
process of decay, with obliterated cell-contours and indistinct nuclei, 
while a supplementary layer arises beneath it. In many Mammals 
the dying layer of cells is detached as a continuous sheep and 
then constitutes for a time a kind of envelope around the whole 
embryo, to which Wetcxer has given the name epitrichium, because 
the outgrowing hairs are developed beneath it. 

From the middle of embryonic life onward both layers of the 
epidermis become thicker and the outermost of them contains 
cornified scales, the nuclei of which have degenerated. From) this 
time onward a more extensive deequamation takes place ab the 
surface, while the loss is made good by cell-divisions in the mucous: 
layer and by the metamorphosis of these products of division into 
cornified cells. In consequence of this the surface of the embryo 
lecomes up to the time of birth more and more covered with a 
yellowish-white, greasy mass—the smegma embryonum or wermixe 
caseose. ‘This consists of a mixture of detached epidermal scales and 
of sebaceous secretions, which bave been produced by the dermal 
glands that have arisen meantime, It forms a thick layer, especially 
un the flexor-side of the joints, on the sole of the foot, the palm of 
tho hand, and on the head, Detached portions of it get into the 
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amniotic fluid an? make it turbid. Finally these, as well as some 
of the detached downy hair, may be swallowed by the embryo with 
the amniotic fluid, and thus become a component of the meconium 
accumulated in the intestine, 

The epidermis constitutes only one component of the skin of the 
adult or of the integument ; the other and more voluminous part— 
the derma or corium—is produced by the mesenchyme. The same thing 
takes place here as in the case of the other membranes and organs 
of the body. The epithelial layers derived from the primary germ- 
layers enter into close relationship with the mesenchyme, since they 
acquire from the latter a connective-tissue foundation that serves for 
their mechanical support and nutrition. Just as the inner germ- 
layer unites with the intermediate layer to form the mucous mem- 
brane of the alimentary canal, as the epithelium of the auditory 
vesicle with the adjacent connective substance to form the mem- 
branous labyrinth, and as the epithelial optic vesicle with the choroid 
and selera to form the eyeball, so herve also the epidermis unites with 
the corium to constitute the integument. 

During the first months the corium forms in Man a layer of 
closely packed, spindleshaped sells, and is delimited from the 
epidermis by a delicate, structureless, smooth-surfaced, bounding 
membrane (basoment mombrane), such as oxists permanently in the 
case of the lower Vertebrates, In the third month it is differ 
entinted into the corium proper and the looser subcutaneous tissue, 
in which there are soon developed clusters of fat cells. From the 
middle of pregnancy onward the latter so increase in number that 
the subcutaneous tissue soon becomes a layer of fat covering the 
whole body. At this time the smooth contour between epidermis 
and corium is lost, owing ‘to the development on tho surface of the 
latter of small papillw, which grow into the mucous layer and 
produce the corpus papillare of the skin. The papillm serve partly 
for the reception of loops of capillary blood-vesels, and thus effect 
a better nutrition of the mucous layer; in part they receive the 
terminations of tactile nerves (tactile corpuscles), and thus are 
divided into vascular papille and nervous papilla. 

The skin of Vertebrates attains a higher degree of development in 
consequence of processes similar to those described for the intestinal 
canal. The epidermis increases its surface outward by the formation 
of folds, inward by invaginations. Bocauso the evaginated and 
invaginated parts at the sme time alter in many ways thei- 
histological poculiarities, there arises a large number of organs of 
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different kinds, which are developed in different ways in the separate 
classes of Vertebrates and which pretiminently determine the external 
appearance of the animals, 

As external processes arise the dermal teeth, and scales, the 
feathers, hair, and nails. As invaginations of the epidermis are 
developed the sweat-, sebaceous, and milk-glands, We will begin 
with the former, and, not to go too far into details, will limit our- 
selves to the organs of the skin in Mammals, 


(8) The Hair, 


‘The most characteristic epidermoidal structures of Mammals and 
Man are the Aairs, One can distinguish two modifications in the 
method of their development. The ordinary method of development 
is that which is known in Man, In this ease, at the end of the 
third embryonic month, the mucous layer grows at certain places 
and forms small golid plugs, the Aair-germe, which sink into the 
underlying corium (fig. 292 B hk). By afterwards elongating and 
becoming thickened at the deep end they assume the shape of 
flank. Then there ensues a process similar to that which takes place 
upon the formation of the teeth, At the bottom of the epithelial 
ping the adjacent corium grows and forms a richly cellular nodule 
(pa), which grows into the epithelial tissue and is the fundament of 
the connective-tisine Aair-papilla, which is early provided with loops 
of blood-veswls. Around the whole ingrowing germ of the hair the 
surrounding parts of the corium are afterwards more and more 
distinctly arranged into special courses of fibres—some of which ran 
lengthwise, others in a circular manner—and constitute a special, 
vascular, nutritive envelope, the Aair-follicle (fg. 292 0, D, hb). 

A somewhat different method of bair-formation has been observed 
by Reissxen, Gorrrs, and Friewrad in certain Mammals, 

In these the first impulse to the formation of the fundament of a 
hair is produced by a limited cell-growth of the corium immediately 
below the epidermis, It produces a small elevation (fig. 292 A), 
which is simply the hair-papilla itself, projecting into the epidormis, 
Then the papilla is forced farther and farther away from the surface 
of tho skin by the growth of the opidermal cells that cover it, and. 
at Jast is found far removed from its placo of origin and at the deep, 
somewhat thickened ond of a long epithelial plug, 

‘Tho final result is therefore the same in both cases, only the time: 
of the formation of the first fundamont of the papilla and of the 
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epithelial plug is different. In the latter caso the papilla arisos at 
the surface of the skin and is forced down by a slike epithelial 
growth; in the former the epithelial plug first sinks into the undor- 
lying tissue and then at its deep end tho hair-papilla is formed by a 
growth of the corium. 

The question arises, Which of these two methods of development 
is to be considered the more primitive? In my opinion it is the 
formation of the hair-papilla at the surface of the akin. For this is 
unquestionably the simpler and less complete condition, from which 
the latter is derivable and through which it is explainable. The 
hairs sink into the underlying tissue for the purpose of better 
nourishment and attachment, A parallel is furnished by the 
development of the teeth, In the Selachians the latter arise (80 
far as they are developed as protective structures in the skin) from 
papille which grow from the corium into the epidermis; in Teleosts 
and Amphibia, on the contrary, the teeth, which are found dis- 
tributed over extensive areas in the oral mucous membrane, are 
established deep down in that membrane, for epithelial growths in 
the form of plugs first sink down into the connective tissue, and it 
is only subsequently that the dental papillm are formed by ® process 
of growth in the connective tissue at the bottom of the epithelial 
downgrowth, 

Tet us return after this comparison to the further development of 
the hair; this takes place in the samo manner in both the cases 
distingaished above. The epithelial cells which cover the papillm 
rultiply and are differentiated into two parts (fig. 292 C); first, 
into cells that are more remote from the papille, that become 
spindle-shaped and united into « small cone, and that by cornification 
produce the first point of the hair (Aa), and secondly into cells which 
immediately invest the papilla, remain protoplasmic, and constitute 
the matrix—the bair-bulb (As)—by means of which the further 
growth of the hair takes place. The cells of the hairbulb, which 
rapidly increase by division, are added below to the first-formed part 
of the hair, and by cornification contribute to its elongation. 

The hair in process of development on the papilla at first lies 
wholly concealed in the skin and is enveloped on all sides by colls of 
the epithelial plug, at the bottom of which the first trace of it was 
formed, From this investment are formed the outer and the inner 
sheathe of the root (fig. 292 C and D aw and iw). Of these the 
outer (aw) consists of small protoplasmic cells and ix continuous 
externally with the mucous layer of the epidermis (eeh?), internally 








524 3 EMBRYOLOGY. 


with the hair-bulb (As). ©The cells in the inner sheath of the root 
(iw) assume a flattened form and become cornified. 

Tn consequence of the growth which proceeds from the bulb the 
hairs are gradually shoved up toward the surface of the epidermis, 
and at the end of the fifth month in the case of Man begin to break 
forth to the outside (fig. 292 D Aa’). They protrude more and 
more above the surface of the skin, even in the embryo, and consti- 
tute st manyoplaces of the skin, especially on the head, a rather 


Fig. 202 4—D,—Four diagrams of t2e development of the hair. 4, Development of the bair~ 
according to Gorrre, in many Masnzmals. 
(C, D, Three different stages of the development of the hair in human embryos, 

7, Dalrpepllla; Ab, gor of haley 

My bald of bale; Ae, young babe , Up of the bal# protruding from whe hairfollicte ¢ 

aw, dw, ater and Inner sheath of the root of the hair halr-follicle ; (il, sebacwors gland 

thick covering. On account of their minute size and fineness, and 

because they fall out soon after birth, thoy are called the downy hair 
or lanugo. 

Each hair is @ transitory structure of short duration, After » time 

¢ dd by ew one. ‘This process begins even 

that fall off get into the amniotic 

are swallowed by the embryo, they 

f of the meconium accumulated in the 

intestinal canal. A more extensive change takes place in Man soon 
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after birth with the shedding of the downy hair, which is replaced 
on many parts of the body by a more vigorous growth of hair, In 
Mammals the shedding of the old and the formation of new hair 
exhibits @ certain periodicity, which ix dependent on the warmer 
and colder periods of the year. Thus they develop a summer and a 
winter coat, Even in Man the shedding of the hair is influenced, 
although Jess noticeably, by the time of year. 

The falling off of the hair is initiated hy changes in the part 
resting on the papilla and called the bulb, ‘The cell-multiplication, 
by means of which the addition of new corneous substance takes 
place, ceases ; the falling hair becomes detached from ite matrix and 
its deep end looks as though it were split into shreds; but it is still 
retained in the hairfollicle by its closely investing sheath, until it is 
forcibly removed or is crowded out by the «upplementary hair that 
takes its place, 

‘The opinions of investigators still differ concerning the manner in 
tohich the supplementary hairs are developed. An especial subject 
of controversy is the point whether the young hair is formed from 
an entirely new papilla (Srrepa, Fererrac) or from the old one 
(Laxorr, v. Eawer), or whether both methods ocour (KOrnuKes, 
Unxna). It seems to me that the first view is the correct one, and 
that the shedding of the hairs is due to the atrophy of their papillae. 
During this slowly occurring process of degeneration, perhaps even 
before it begins, the substitution is initiated by the occurrence of an 
active cell-proliferation at a place in the outer sheath of the root— 
which indeed consists of cells rich in protoplasm—and by the 
formation of a new plug, which grows ont deeper into the derma 
from the bottom of the fundament of the old hair, At the blind 
[deop] end of this secondary Aair-germ there is then developed from 
the derma a new papilla, upon which is formed the new hair and 
its sheaths alongside of and below the old one, in the manner 
previously described, When it begins to increase in length, it 
presses against the old hair lying above it, crowds the latter out 
of its sheaths, until it falls off, and finally itself takes the place 
of it. 

According to this account there would be a certain similarity 
between the shedding of the hair and that of the teeth, inasmuch as 
in both cases secondary epithelial processes, from which the new 
tooth- or hair-papilla begins, arise from tho primary fundament, 
and inasmuch as the new structures by their growth displace the 
old, 
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plate (np) and the plantar horn (Soblenhorn, sh) connected with. it 
ventrally, Of these the latter arises from the smaller ventral 
surface of the primary basis of the nail. In unguiculate and 
ungulate Vertebrates it (fig. 294 sh) is developed to a great extent; 
in Man it atrophies, and is recognisable only in an exceedingly 
reduced condition as nailwelt, By this term is meant the welt-like 
thickening of the epidermis which forms the transition from the 
bed of the nail to the corrugated skin of the ball of the finger. The 
nail-plate, on the contrary, is from the beginning exclusively a 
product of the dorsal surface of the basis of the nail. There is 
therefore neither in Man nor in other Mammals a dorsal migration 
of the terminal fundament of the nail, but only a degeneration of 
me hey 


| ~~ 
2 aa 


we ys a 
Fig 1%. 2. 
Fig. 233.—4, Longitudinal ssotios through the tee of & Osreopitherus 1, Longitudinal section 

‘through the secand finger of Bacacas ster, After Grarweac, 

Netlplate ; oh, plantar hora (Soblentorn) ; wall-wall, 

‘ston, After Geoewmaun. 

8, Hall of ton, 
ite ventral portion, which otherwise furnishes a more complete 
plantar horn, 

So far as regards the particular ovents in the development of 
the nai-plate, the structure is demonstrable in human embryos four 
months old as a thin flat layer of cornified, closely united cells on 
the dorsal surface of the primary basis of the nail or the bed of the 
nail. It is produced by the mucous layer upon which it im- 
mestiately lies, but continues fora time to be covered by the thin 
corncous layer that is present at all points of the epidermis, ‘This 
investment—Us eponychivan—is not lost until the fifth month. 
However, notwithstanding their investment, the nails aro easily 
recognisable some weeks before this from their whiteness, in dis- 
tinction from the reddish or dark red color of the surrounding skin, 
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I present at the very beginning of the discussion the following 
proposition, which is of importance in interpreting the conditions 
found: each milk-gland in Man is not a simple organ, like an ear- 
gland or a submaxillary salivary gland, with a simple outlet, but 
a great glandular complec, Ita earliest fundament has been 
observed in the human embryo at the end of the second month as a 
considerable thickening of the epidermis (fig. 295) upon the right 
and left sides of the breast, It has arisen as the result of a special 
proliferation of the mucous layer, which has sunk into the derma 
in the form of a hemispherical knob (df). But modifications arise 
afterwards in the cornéous layer also, by its becoming thickened and 
projecting as a corneous plug into the proliferation of the mucous 
layer. Ordinarily there is found 
« small depression (g) at the a) 
middle of the whole epithelial 
fundament. 

The proliferation of the epi- 
dermis that first appears is not 
precisely, as assumed by Retx, the 
first fundament of the glandular 
parenchyma; it therefore does 
not correspond to the epithelial 
plugs which sink into the derma 
in the development of the sweat = : 
and sebaceous glands, because Te li punt fs fee een ee 
the further course of dovelop- 4, gusismotet tne ghoatar rea; 9, emt) 
ment and especially comparative- depremlon at [ts eurtsce. ‘ 
anatomical studies show, that by 
the thickening of the epidermis thore is only an early delimitation 
of a tract of the skin, which is subsequently metamorphosed into the 
nipple-area and papilla, and from the floor of which the separate 
milk-producing glands at length sprout forth. 

The correctness of this view is shown by the following changes: 
In older embryos the lensshaped thickening produced by the 
proliferation of the epidermis has increased at the periphery and 
has thereby become flattened (fig. 296 df), At the samo time it is 
more sharply defined at the surfaco, owing to the derma becoming 
thickened and elevated into a wall (dic)—the cutis-wall, Therefore 
the whole fundament now has the form of shallow depression (df) 
of the skin, for which the name glandular area is very appropriate. 
For there early grow out from its mucous layer into the derma solid 

ou 
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‘buds (dg), just as at other places the sebaceous glands arise from the 
epidermis. In the seventh month they are already well developed, 
and radiate ont below and laterally from the pit-like depression. 
Their number increases up to the time of birth, and the larger ones: 
become covered with solid lateral buds (db), Each sprout is the 
fundament of a wilk-producing gland, which opens out on the 
glandular area (df) by means of n special orifice; ench is 
logically comparable with « sebaceous gland, although its funetion 
has become different, 

The name glandular area is also happily selected one 
because it presents o point of comparison with the primitive 
conditions of the Monotremes. For in these animals one does 


my a te 


Fig. 296 —Beetion through the fundament of the mille-giand of & female Ruiman ewbryo 32 em 
after Tice, 


@/, Glandular area; di, glandowall ; utp, duct of gland db, vesicle of gland, 


not find, as in the higher Mammals, a sharply differentiated 
single complex of milk-glands, but instead a somewhat depressed 
aren of the skin, oven provided with small hairs, over which are 
distributed single «mall glands, the secretion of which is licked 
up with the tongue by the young, which are born in a very 
immature state, 

In the remaining Mammals the glands, in the former caso 
opening separately upon tho area, aro united into a single 
organ, which better serves the young in sucking, namely a papilla 
[nipple] or teat, which encloses all the outlets of the glands and ix 
gmsped by the mouth of the suckling, In Man their development 
begins after birth, ‘The glandular area, which is ¢neirded by 
the cutis-wall and which before birth was depressed into a pit, 
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now becomes flattened until it lies in the same niveay with 
the surrounding skin, It is distinguished from the latter by 
its redder color, which is due to ita greater vascularity and the 
thinner condition of its epidermis. Then during the first years 
after birth the middle of the glandular area, together with the 
outlets (ductus lactiferi), which there open out close to one another, 
is raised up and becomes the nipple, in the derma of which non- 
striate musele-fibres are formed in great nombers; the remaining 
part of the area as far as the cutis-wall becomes the areola: mamma, 
‘Tho metamorphosis takes place somewhat earlier in the female than 
in the male. 

Soon after birth alterations take place in the still feebly developed 
glandular tissue. There cecurs a transitory swelling of the pectoral 
glands accompanied with increased blood-pressure, and it becomes 
possible to press out of the gland a small quantity of a milky fluid, 
the so-called witches’ milk. According to Kértimen its formation is 
duo to the originally solid ducts of the glands acquiring at this time 
a lumen by tho fatty degeneration of the central cells, which are 
dissolved, and, suspended in a fluid, ure discharged from the duets, 
According to the investigations of Banrurra, on the contrary, the 
so-called witches’ milk of infants is the product of a genuine tran- 
sitory secretion, and is like the real milk of the mother both in its 
morphological and chemical components. 

After birth great differences arise between the two sexes in 
the condition of the milk-glands. Whereas in the male the 
glandolar parenchyma remains stationary in its development, 
in the femalo it begins to increase, especially at the time of 
sexual maturity and still more after the beginning of pregnancy, 
From the first-formed ducts of the glands there grow out 
numerous lateral, hollow branches, which become covered with 
hollow vesicular glands (alveoli) lined with a single layer of 
cylindrical epithelium. At the same time there are developed 
in the connective tissue, betwoon tho soparnte lobules of the 
gland, numerous islands of fat-colls. In consequence the region 
at which the complex of milk-glands has been formed swells into 
4 more or less prominent elevation, the mamma, 


Summany, 
1. The development of the hair is inaugurated in human embryos 


by the growing down of procesws of the mucous Iayer of the 
epidermis—the hair-germs—into the underlying derma, 
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way by embracing these organs in a chapter by themselves and 
discussing them apart from the organs of the inner, middle, and 
outer germ-layers, 

It is the original province of the intermediate layer to form & 
packing and sustentative substance between the epithelia} layers, « 
fact which stands out with the greatest distinctness particularly in 
the lower groups, ax for example in the Corlenterates, It in thero- 
fore closely dependent upon the epithelial layers in the matter of its 
distribution. When the germ-layers are raised up into folds, it 
penetrates between the layers of the fold as a sustentative lamella : 
when the germ-layers are folded inwards, it receives the parts that 
are being differentiatod—as for example in the Vertebrates, the neural 
tube, the masses of the transversely striped muscles, the secretory 
parenchyma of glands, the optic cups, and the auditory vesicles— 
and provides them with a special envelopment that adjusts itself 
to them (the membranes of the brain, the psrimysium, and the 
connective-tiasue substance of the glands). In consequence of this 
the intermediate layer, in the same proportion as the germ-layers 
become more fully organised, becomes itself converted into an extra- 
ordinarily complicated framework, and resolved into the most diver- 
gent organs, by the formation of evaginations and invaginations 
and the constricting off of parts. 

The form of the intermediate layer thus produced is of a second- 
ary nature, for it is dependent upon the metamorphosis of the germ- 
Jayers, with which it is most intimately connected. But in addition, 
the intermediate layer, owing to its own great power of metamor- 
phosis, acquires in all higher organisms, particularly in the Verte- 
brates, an intricate structure, especially im the way of histological 
differentiation or metamorphosis. In this way it gives riso to a 
long series of various organs—the cartilaginous and bony skeletal 
parts, the fascie, aponenroses, and tendons, the blcod-vessels and 
lymphatic glands, ete. 

It is therefore fitting to enter here somewhat more particularly 
upon a discussion of the principle of histological differentiation, and 
especially to inquire in what manner it is concerned in the origin of 
organs differentiated in the mesenchyme. 

‘Tho most primitive and simplest form of mesenchyme is gelatinous 
tissue, Notonly does it predominate in the lower groups of animals, 
but it is also tho first to be developed in all Vertebrates, out of the em- 
bryonic cells of the intermediate layer, and is here the foreranner and 
the foundation of all the remaining forms of sustentative substance. 
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In a homogeneous, soft, quite transparent matrix, which chemically 
considered contains mucous substance or mucin, and therefore does 
not swell in warm water or acetic acid, there lie at short and regular 
intervals from one snother numerous cells, which send out in all 
directions abundantly beanched protoplasmic processes and by means 
of these are joined to each other in a network. 

In the lower Vertebrates the gelatinous tissue persists at many 

even when the animals are fully grown; in Man and other 
Mammals it early disappears, being converted into two higher forms 
of connective substance, either into fibrillar connective tiseue or into 
tiseue. The first-named arises in the gelatinous matrix 
by the differentiation of connective-tissue fibres on the part of the 
cells, which are sometimes close together, sometimes widely seattered, 
These fibres consist of collagen and upon boiling produce glue, 
At first sparsely represented, these glue-producing fibres continually 
increase in volume in older animals. Thus transitional forms, which 
are designated as fetal or immature connective tissue, lead from 
gelatinons tissue to mature connective tissue, which consists almost 
exclusively of fibres and the cells which have produced them. This _ 
is capable of a great variety of uses in the organism, according as ita” 
fibres cross one another in various directions without order, or are 
arranged parallel to one another and grouped into special cords and 
strands. Thus, in connection with other parts derived from the germ- 
layers, it gives rise to a great variety of orguns, In some places 
it forms the foundation for epithelial layers of great superficial 
extent ; together with them it produces the integument, composed 
of epidermis, corium, and subcutaneous connective tissue, and the 
various mucous and serous membranes; in others it unites with 
masses of transversely striped muscle, and arranges itself ander 
the influence of their traction into parallel bundles of tense fibres, 
furnishing tendons and aponeuroses. Again at other places it 
takes the form of firm shects of connective tissue, which serve for 
the separation or enveloping of masses of muscle, the intermuseular 
ligaments and the fascie of muscles. 

The second metamorphic product of the primary mesenchyme, 
cartilago, ix developed in the following manner: At certain places 
the embryonic gelatinous tissue acquires as a result of proliferation « 
greater number of cells, and the cells secrete between them a carti- 
Inginous matrix, chondrin. The parts which have resulted from 
the process of chondrification exceed in rigidity to a considerable 
extent the remaining kinds of sustentative substance, the gelatinous 
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and the glue-producing intermediate tissue; they are sharply 
differentiated from their softer surroundings, and become adapted, 
in congequence of their peculiar physical properties, to the as- 
sumption of special functions. Cartilage serves in part to keep 
canals open (cartilage of the larynx and bronchial tree), in part 
for the protection of vital organs, around which they form a firm 
envelope (cartilaginous cranium, capsule of the labyrinth, vertebral 
canal, ete.), and in part for the support of stractures projecting from 
the surface of the body (cartilage of the limbs, branchial rays, ete.). 
At the sume time they sffurd firm points of attachment for the 
masses of muscle imbedded in the mesenchyme, neighboring parts 
of tho muscles entering into firm union with them. In this manner 
thore has arisen through histological metamorphosis a differentiated 
skeletal apparatus, which increases in complication in the sume 
proportion as it acquires more manifold relations with the muscu- 
lature. 

Cartilaginoas and connective tissues, finally, are capable of a 
further histological metamorphosis, ince the last form of sustenta- 
tive substance, agseous tiseue, is developed from them in connection 
with the secretion of salts of lime, There are therefore bones that 
have arisen Jrom a cartilaginous matrix and other from one of con- 
nective tissue. With the appearance of bone, the skeletal apparatus 
of Vertebrates has reached its highest perfection, 

Even if the mesenchyme has by these processes experienced an 
extraordinarily high degree of differentiation and a great diversity 
of form, the histological processes of differentiation which take place 
in it are nevertheless not yet exhausted. In tho gelatinous or 
connoctive-tissue matrix canals and spaces arise in which blood and 
lymph move in accomplishing their function of intermediating in 
the metastasis of the organism, not only conveying the nutritive 
fluids to the individual organs, but also conducting away both the 
substances which—owing to tho chemical processes in the tissues 
—have become useless and the superfiuous fluids. Ont of these 
first beginnings arises a very complicated organic apparatus. The 
larger cavities constitute arteries and veins, and acquire peculiarly 
constructed thick walls, provided with non-striate muscle-cells 
and elastic fibres, in which three different layers can be dis- 
tinguished as tunica intima, media, and adventitia, A small part 
of the blood-passages, especially distinguished by an abundance of 
muscle-cells, is converted into a propulsive apparatus for the fluid 
the heart, The elementary corpuscles that circulate in the 
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aorta, lies in the attachment of the dorsal mesentery, by means of 
which the intestine is connected to the vertebral column ; the other 
trunk, on the contrary, is imbedded in the ventral mesentery, as far, 
at least, as such a structure is ever established in the Vertebrates ; it 
is almost completely metamorphosed into the heart. The latter is 
therefore nothing elso than = peculiarly developed part of a main 
blood-vessel provided with especially strong muscular walls. 

In the first fandament of the heart there are two different types 
to be distinguished, one of which is present in Selachians, Ganoids, 
Amphibia, and Cyclostomes, the other in Bony Fishes and the higher 
Vertebrates—Reptiles, Birds, and Mammals. 

Tn the description of the first type I sclect as an exumple the 


‘Fig. 297.—Cross section through the region of the heart of an embryo of Salamandrs maculons, 
ta which the fourth visoeral arch is indicated, after Ravi. 

4, Eplthelinm of the intevtina ; ym, vheeral middle layers 4, epidermis; (4, anterior part of 
tha bely-onvity (pericantio-thoracie cavity) ; end, endorantiom 5 7, pertowrdium ; wig, meso- 
‘cardiura anterinn. 


development of the heart in the Amphibia, concerning which « 
detailed account has very recently been published by Rant. 

In Amphibia the heart is established very far forward in the 
embryonic body, underneath the pharynx or cavity of the head-gut 
(figs. 297, 298). The embryonic body-cavity (JA) reachos into this 
region, and in crosy sections appears upon both sides of tho median 
plane as a narrow fissure. The lateral halves of the body-cavity are 
separated from each other by « ventral mesentery (why), by means 
of which the under surface of the pharynx is united with the wall 
of the body. If we examine the ventral mesentery more clostly, we 
observe that in its middle the two mesodermic layers from which it 
has been developed separate from cach other and allow a «mall 
cayity (i) to appear, the primitive cardiac cavity. ‘This is sur- 
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rounded by n single layer of cells, which is afterwards developed 
into the endocardium (end).* Outside of the Intter the adjacent 
cells of the middle germ-layer are thickened; they furnish the 
material out of which the cardiac musculature (the myocardium) and 
the superficial membrane of the heart (pericardium viscerale) arise, 
The fundament of the heart is attached above [lorsally] to the 
pharynx (d) and below to the body-wall by tho remnant of the 
mesentery, which persists asa thin membrane. We designate these 
two parts aa the suspensory ligaments of tho heart, as back [dorsal] 
and front [ventral] cardiac mesenteries (hig, vhg), or as mesocardinm 
pesterius and anterins. At this time there is nothing to be seen of 
a pericardial sac, unless we should designate ax such the anterior 
[ventral] region of the body- 
cavity, from which, ak the 
further course of development 
will show, the pericardium is 
chiofly derived. 

Tn the seooved type the heart 
arises from distinct and widely 
separated halves, as the con- 
ditions in the Chick and the 
Rabbit most distinctly teach. 

Tn tho Chick the first traces 
of the fundament may be de- 
monstrated at an early period, 

in embryos with four to six 
A, cavity of tho heart : (h, votes! part of primitive segments, ‘They 
bite Ea sper) appear here at a time when 
the various germ-layers are still spread out fat, at a time when the 
front part of the embryonic fundament first begins to be elevated as 
the small cophalic protuberance, and the cephalic portion of the intes- 
tine is still in tho first phases of devolopment. Ax has already been 
stated, the intestinal cavity in the Chick is develope by the folding 
together and fusion of the intestinal plates [splanchnoploure], If 
‘one examines carefully the ridge of an intestinal fold in the very 
process of being formed (fig. 299 4 dy}, one observes that its visceral 
middle layer is somewhat thickened, composed of Jango cella, and 
separated from the entoblast by a space filled with a jelly-like matrix, 
Tn the latter there lie a few isolated cells, which subsequently 
* Melative to tho origin of the endothelial sxc of the henet, compare the: 
observations given on page 188, 
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Fig. $90.—Three disgrams to 
Mustrate the formation of 
the heart in the Chick, 

ws, Neural tate} om, evens 
‘ehyma of the head: J, ine 
testinal oavity; af, folle 
of the Intertinal plate 
[splanchnoplears}, in which 
‘the endothelial mice of the 
heart are estab ished ; h, en 
dothelial see of the eart ; 
eh, chordas thy bed: 
cavity; ad, outer, (@, inner 
gernn-tayer ; wk’, parietal 

didlo layer ; wi, vinceral 
middie layer, from the 
thickened portion of which 
the mucalatare of the 
heart ix developer; dm, in= 
testinal satnme, in whiels 
the two Intestinal folds are 
fosed ; ¥, part of the entox 
‘blast whieh Das become dee 
tached from the epithellim 
‘of the cephalic partion of 
the fatentive at the inter 
tinal suture and lie on 
the yolk; + donal mso- 
ccurdiuin ; * yentral meso 
eansiinin, 

4, The youngest stage shows 
‘the tnfolding of the mlanch- 
nopleure, by teansof which 
the cephalic part of the in- 
tentine ts fornied. Tn the 
‘anger of ve intentinid folila 
the two endothelial sex of 
the heart have beott evta- 
lished between the inner 
erm:layee and (he visceral 
miditte layer. 

#, Someatas older stage, 
‘The two folds (A uf) have 
suet in the intertinal suture 
(2), mo that the 0 wos 
thelist «ics of the heart 
He close together in the 
median plate below the 
doeadd- gut 

, Oldest stage The part of 

he eutoblaxt which fines 
‘he head gus (ef has besotae 
separated nt the Intestinal 
scoture (2 dn) from the ne 
maining yart of the eato- 
Blast, which (i) Ler vipon 
tthe yolk, 30 that the two eadotholial um of the heart are tn contact ; they suibseyuently fase, 
‘They te In w canine suepensoriam formed by the visceral middle layers, the mesocardium, on 
which one can distingwish ap wpper (dore] an an under yart—meweartinn superius (+) and 
inferius (*). By moans of this mesocardias the prinsitive bodyenvity ts Cerpornasiy dieided 
into two portions, 


Ad Ame h 


35 
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this place the visceral middle layer (a/h) is also raised up somewhat 
from the entoderm (ao), so that it evuses a projection into the body- 
cavity (ph). Here there is developed between the two layers a small 
cavity, which is surrounded by an endothelial membrane (iAA), the 
primitive cardiac sac, At their first appenrance the halves of the 
heart lie very far apart, They are to be seen both in the very 
slightly magnified cross section (fig. 300) and also in the surface view 
of an embryo Rabbit (fig. 302) at the place indicated by A. They 





Fig. 201. 


Figs, 900, 301 —Cross section through the head of an embryo Raboit of the sume age as that 
shown in fig, 302, From Kitamen. Pig. 201 ies yart of fg. 999 more highly magnified, 

Fig. 80.—A, ¥, Pundamenta of tbe heart ; ar, esophageal groove. 

Dorsal groove; mp, medullary plate; rw, medullary ridge ; 4, outer geem-layer j 
undivided midile layer; Ap, parietal, 
1 tniddie layer ; ph, pericardial part of the bedy-avity ; eM, tanscular wall of 
eodothellal layer of the heart ; wi, lateral undivided part of the middle 
ial told, from which the ventral wall of the pharynx 4s formed. 






afterwards move towanl each other in the same manner as in the 
Chick by the infokling of the splanchnopleure, and come to lie on 
the under side of the head-gut, whero thoy fuse and are temporarily 
attached above and below by means of a dorsal and ventral mesentery. 

Concerning the processes of development just sketched the question 
may be raised; What relation do the paired and the unpaired funda- 
ments of the heart sustain to each other? It is to be answered to 
this, Hat the unpaired fundament of Nhe heart, which ia present in the 
lower Vertebrates, is to be regarded as the original form. The dowble 
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however aberrant it at first eight appears, can be 


referred back to this, 


A single cardiac tubs cannot be developed in the higher 


Fig, 908.—Zmbryo Radtit of the ninth day, seen 
frven the dorsal side, after Kiitixen, Mag- 
ified 21 diasicters, 

‘Tis axial (sew) sone (sti) wml the parietal rene 
(pO ate to be distinguished. Tn the former § 
pairs of primitive segeente have been forneed 
A the aide of the chords and neural tube 


find part o€ tbe body-eat ty; arpa 
Anterior intestinal portal ahorwing thircg! 
overlying structures; nf; fold of ihe maniom 5 
£9, Yeas Ou phalomesenteric. 


Vertebrates, because at the 
time of its formation a head- 
gut does not yet exist, but 
only the fandament of it is 
formed in the still flat ento- 
derm. The parts which will 
subsequently form the ventral 
wall of the head-gut, and in 
which the heart is developed, 
are still two separated terri- 
tories; they still lie at some 
distance from the median 
plane ot the right and at 
the left. If therefore it ix 
necessary for the heart to be 
formed at this early period, 
it must arise in the separated 
regions, which by the process 
of infolding are joined into 
A single ventral tract. The 
vessel must arise as two parte, 
which, like the two intestinal 
folds, subsequently fuse. 
Whether the heartis formed 
in one way or the other, in 
either case it has for a time 
the form of a straight ac 
lying ventral to the head-gut 
and composed of two tubes one 
within the other, which are 
separated by a lange space 
assumably filled with a gola- 
tinous matrix. The inner, 
endothelial tube becomes the 
endocardium ; the outer tube, 


which is derived from the visceral middle layer, furnishes the 
foundation for the myocardium and the pericardial membrano that 
immediately invests the surface of the heart, 
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(b) The First Developmental Conditions of the Large Vessels. Vitelline 
Circulation, Allantoic and Placental Circulation, 


At both ends, in front and behind, the heart is continuous with 
tho trunks of blood-vessels, which have been established at the same 
time with it. The anterior or arterial end of the cardiac tubo ix 
elongated into an unpaired vessel, the tranows arterioeus, which con- 
tinues the forward course under the head-gut, and ix divided in the 
region of the first viscoral arch into two arms, which embrace tho 
hoad-gut on the right and left and ascend within the arch to the 
dorsal surface of the embryo, Here thoy bend around and’run back- 
ward in the longitudinal axis of the body to the tail-end. These 
two veasels are the primitive aorta (figs. 107, 116 ao); they take 
their course on either side of the chorda dorsalis, above the entoderm 
and below the primitive segments. They give off lateral branches, 
among which the arteria omphalomesenterice are in the Amniota 
distinguished by their great size. Thess betake themselves to the 
yolk-sac and conduct the greatest portion of the blood from the two. 
primitive aortm into the area vasculosa, where it goes through the 
vitelline circulation, 

In the Chick, the conditions of which form the basis of the following 
account (fig. 303), the two vitelline arteries (ROA, L.OfA) quit 
the aortm at some distance from their tail-ends, and pass out laterally 
from the embryonic fandament between entoderm and visceral middle 
layer into the area pellucida, traverse the latter, and distribute them- 
selves in the vascular area. They are hore resolved into a fino net- 
work of vesels, which lie, as a cross section (fig. 116) shows, in the 
mesenchyme between the entoderm and the visceral middle layer, 
and which are sharply bounded at their onter edge (toward the 
vitelline area) by a large marginal vessel (fig. 303.$.7'), the sinus ter- 
minalia. The latter forms a ring which is everywhere closed, with 
the exeeption of a small region which lies in front, at the place 
where the anterior amniotic sheath has been developed. 

From the vascular area the blood is collected into several large 
venous trunks, by means of which it is conducted back to the heart, 
From the front part of the marginal sinus it returns in the two 
vena vitelline anteriores, which ron in a straight line from in 
front backwards and also receive lateral branches from the vascular 
network, From the hind part of the sinus terminalis the blood is 
taken up by the venw vitellin» posteriores, of which the one of the 
left ade is larger than the one of the right; the latter afterwards 


Fig, 08.—Diagram of the vascular system of the yolk-asc at the end of the thint day of 
after BaLrour, 

‘The «bolo binstoderm bas been removed frou the oes sod le reprewmted aa seem from beter, 

Hence what ls really at the right appenre at the left, and rice verad. ‘The part of the ares 

opaca in which the clow vascular network has been formed ls sharply terminated at ite 


mesenterica (R.Of and L.0f), which enters tho posterior end of the 


‘Th motion of the blood begins to be visible in the case of the” 
Chick as early as the second day of incubation, At this time 
the blood is still 9 clear fluid, which contains only few formed 
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components, For the most of the. blood-corpuseles still continue to 
lie in groups on the walls of the tubes, where they constitute the 
previously deseribed blood-islande (fig. 114), which canse the red- 
besprinkled appearance of the vascular area, The contractions of 
the heart, by which the blood is set in motion, are at first slow and 
then become more and more rapid, On the average, according to 
Preven, the strokes then amount to 130—150 per minute. How- 
ever, the frequency of pulsations is largely dependent upon external 
influences ; it increases with the elevation of the temperature of 
incubation and diminishes at every depression of it, as well as when 
the egg is opened for study. At the time when the heart begins to 
pulsate, no muscle-fibrille have been demonstrated in the myocar- 
dium; from this results the interesting fact that purely proto- 
plasmic, still undifferentiated cells are in a condition to make strong 
rhythmical contractions. 

At the end of the third or fourth day the vitelline cireulation 
in tho Ohick is at its highest development ; it has undergone some 
slight changes. We find instead of o single vascular network a 
double one, an arterial and a venous. The arterial network, which 
receives the blood from the vitelline arteries, lies deeper, nearer to the 
yolk, while the venous spreads itself out above the former and ix 
adjacent to the visceral middle layer, The circulating blood is 
distinguished by the abundance of its blood-corpuscles, the blood- 
islands haying entirely disappeared. 

Tho function of the vitelline circulation is twofold. First it serves 
to provide the blood with oxygen, opportunity for acquiring which 
is afforded by the whole vascular network being spread out 
at the surface of tho egg. Secondly it serves to bring nutritive 
substances to the embryo, The yolk-elements below the entoblast 
are disassociated, liquefied, and taken up into the blood-vessels, by 
which they are carried to the embryo, where they serve as nutrition 
for the rapidly dividing cells. Thus far the embryonic body 
increases in size at the expense of the yolk-material in the yolk- 
sac, which becomes liquefied and absorbed. 

‘The system of vitelline blood-yessels in Mammals agroes in general 
with that of the Chick, and is distinguished from the latter only in 
some unimportant points, which do not need to be discussed. How- 
ever, this question certainly arises’ What signification has a 
vitelline circulation in Mammals (fig. 134 ds) in which the egg is 
furnished with only a small athount of yolk-material ? 

Two things are here to be kept in mind; first, that the eggs of 
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Mammals were originally provided with abundant yolk-material, like 
those of Reptiles (compare p. 222), and, secondly, that the blasto- 
derinic’ vesicle, which arises after the process of cleavage, becomes 

distended by the accumulation within it of a fluid very rich 
in albumen, furnished by the walls of the uterus. Qut of this vesicle 
likewise the vitclline blood-vessela undoubtedly take up nutritive 
material and convey it to the embryo, until a more ample nutrition 
is provided by moans of the placenta. 

Tn addition to the vitelline blood-vessels there arises in the higher 
Vertebrates a second aystem of vessels, which is distributed in the 
fatal membranes outside Uie embryo and for « time is more developed 
than the remaining vessels of the embryo, It servos for the 
allantoic circulation of Birds and Reptiles and the placental cirou- 
lation of Mammals. 

When in the Chick the allantois (PI. I, fig. 5 al) is evaginated 
from the front [ventral] wall of the hind-gut, and as an ever 
increasing sac soon grows out of the body-cavity through the dermal 
umbilicus into the celom of the blastodermic vesicle between the 
seroma and the yolk-sac, there appear in its walls two blood-vessels, 
which grow forth from the ends of the two primitive aortm—the 
vembilical vessels, ov arterin umbilicales. The blood is again collected 
from the fine capillary network, into which these vessels have been 
resolved, into the two umbilical veins (venw umbilicales), which, 
after having arrived at the navel, pass on to the two Cavierian 
ducts (see p. 577) and pour their blood into these near the entrance 
of the latter into the sinus venosus, ‘The terminal part of the 
right. vein soon atrophies, whereas the (ft receives the lateral 
branches of the right side and is correspondingly developed into a 
larger trunk. This now also loses its original connection with the 
ductus Cuvier, since it effects with the left hepatic vein (vena 
hepatica revelens) an anastomosis, which continually becomes 
and finally carries the whole stream of blood, ‘Together with the left 
hepatic vein the left umbilical vein thon ompties divectly into the 
sinus vonosus at tho posterior margin of the liver (Hoomwrerren), 

‘The umbilical and vitelline veins undergo opposite changes in 
calibro during development: while the vitelline circulation is well 
developed, the umbilical veins are inconspicuous stems ; afterwards, 
however, with tho increase in the size of the allantois they enlarge, 
whereas the ven omphalomesentoricw undergo degeneration and in 
the same proportion as the yolk-sac by tho absorption of the yolk 
becomes smaller and loves in significance, 
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So far as regards the purpose of the umbilical circulation, it 
subserves in Reptiles and Birds the function of respiration, For the 
allantois, when it has become larger, in the Chick for example, 
applies itself closely to the serosa and spreads itself out in the 
vicinity of the air-chamber and underneath the shell, 90 that the 
blood circulating in it can enter into an exchange of gases with the 
atmospheric air. It loses its importance for respiration in the egg 
only at the moment when the Chick with its beak breaks through 
the surrounding embryonic membranes, and breathes directly the air 
contained in the airchamber, For the conditions of the circulation 
are now altered throughout the whole body, since with the begin- 
ning of the process of respiration the lungs are in a condition to take 
up # greater quantity of blood, resulting in a degeneration of the 
umbilical vessels (compare also p, 584). 

The umbilical or placental circulation in Mammats (tig. 139 Al) 
plays a still more important rélo; for here the two umbilical 
arteries convey the blood to tho placenta, After the blood has 
beon laden in this organ with oxygen and nutritive substances, it 
flows back again to the heart, at first through two, afterwards 
through a single umbilical vein (p, 584). 


B, The further Development of the Vascular System up to the 
Mature Condition, 


(a) The Metamorphosis of the Tudular Heart into a Heart 
with Chambers. 


As has been shown in a preceding section, the heart of a Verte- 
brate originally has for a short time the form of a straight sac, which 
sends off at its anterior end the two primitive aortic arches, while it 
receives at its posterior end the two omphalomesenterio veins. The 
sac lies far forward immediately behind the head on the ventral side 
of the neck (fig. 304 A), in a prolongation of the body-cavity (the 
parietal or cervical cavity), It is here attached by means of a 
mesentery of only brief duration, which stretches from the alimentary 
canal to the ventral wall of the throat, and which is divided by 
the cardiac sac itself into an upper [dorsal] and an under part, or 
mesocardium posterius and anterius 

During the first period of embryonic development the heart is 
distinguished by a very considerable growth, especially in the longi- 
tudinal direction ; consequently it soun ceases to find the necessary 
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room for itself as a straight sac, and is therefore compelled to bend 
itself into an S-shaped loop (fig. 304). It then takes such a position 
in the neck that one of the bends of the S, which receives the 
vitelline veins or, let us say briefly, the venous portion, comes to lie 
behind and at the left; the other or arterial portion, which sends 
off the aortic arches, in front und at the right (fiy. 305). 

But this initial position is soon altered (figs. 305, 313) by the two 


2 
re 
~ 


ig AB of « hick innate By the increase in the sizo of this 

$8 hours, seen from the dermal viscus the antorior part of the body- 

fet oaumaet cavity is nlrondy greatly distended, and 

‘The brain ls divided lute 4 vesicles: becomes still more so in later stages, 

etn ' when thereisproduceda vory thin-walled 

elevation, that projects out to a great 

distance (figs. 157 A, $14). Inasmuch 

as the heart completely fills the cavity, 

and is covered in by only the thin, 

transparent, and closely applied wall of 

the tronk,—the membrana reuniens 

inferior of Ravmxe,—it appears as though at this time the heart 
wore located entirely outside of the body of the embryo. 

tho completion of the twisting, there is effected a division of 


Th venous portion, which has become broader, and the arterial part 

ated from each other by a deep constriction (ok) andcan now 
be te ai ingnished as atrive (eh) and ventricle, while the constricted 
region between the two may be indicated, by a designation introduced 
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by Haucer, as auricular eonal (ok). The atrium thereby acquires a 
striking form, since its two lateral walls develop large out-pocketings 
(ho), the auricles of the heart (auricul@ cordis); the free edges of 
the latter, which in addition soon acquire notches, are turned for- 
ward, and subsequently enfold more and more the arterial part of the 
heart, the truncus arteriosus (7a), and a part of the surface of the 
ventricle, : 

The auricular canal (fig. 308 ok) is in embryos a well-distinguished 
narrowed place in the cardiac tube. Owing to the great flattening 
of its endothelial tube in the sagittal direction,—its walls almost 





Fig. 205. Pig. 300, 


Pig. 308. —Heart of a human embryo, the body of which was 215 mm. long (embryo Ly), after 
Mix, (Compare fig. £18.) 
X, Vontriele ; Ti, trunous arverioms ; F, venous enil of the S-shapel wardiae asc, 


Tig, 200. Meart of & human embryo that was 43 mm. long, neck mesnurement (embryo AN), 
after Ha 

4, Veutridle , Ta, truncos arteriouns ; of, eanatis auricularis ; vA, atsiam with the heart-auricles 
‘he (auriculae cords). 


coming into contact,—the passage between atrium and ventricle is 
reduced toa narrow transverse fissure. It is here that the atrio- 
ventricular valves aro afterwards developed. 

The fundament of the ventricle at first presents the form of a 
curved tube (figs. $05, 306 4), which however soon changes its form. 
For at a very erly period there is observable on its anterior [ventral] 
and posterior surfaces a shallow furrow running from above down- 
ward, the sulcus intereentricularis (Gig. 307 si), which allows a left 
and « right half of the ‘ventricle to be distinguished externally. The 
latter is the narrower, and is continued upward into the truneus 
arteriosus (7a), the beginning of which is somewhat enlarged and 
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designated as bulbus. Between bulbus and ventricle lies a place 
that is only slightly constricted, called the fretem Halleré; it was 
vocognised even by the older anatomists, then remained for « time 
little regarded, and now has been again described as noteworthy by 
His. For it marks the place at which subsequently the semilunar 
valves are established. 

During the externally visible changes of form, some alterations 
are also progressing in the finer structure of the walls of the heart. 
As previously remarked, the fundament of the heart consists in the 
beginning of two sacs, one within the other—an inner endothelial 
tube lined with flat cells, and an outer muscular sac consisting of cells 

with abundant protoplasm 

and derived from the 

pw. ‘middle germ-layer, The 

rho two are cony sepa- 

rated from each other by 
a considerable space, which 
is probably filled with gela- 


te 


a 
re 
Cy 


‘Fig, 977—Heast of a human embryo of the fifth week, 


relation to the wholo heart 

as it would if it were a greatly shrivelled, internal cast of it (His), 
In the muscular sac distinct traces of muscle-fibres can bo recog- 
nised even at the time when tho Shaped curvature makes ite 
appearance. At later stages in the development differences phen 
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soon comes into intimate contact with the trabeculs, and envelops 
each one of them with a special covering (Hrs). Thus there arise 
in the spongy wall of the ventricle numerous spaces lined with 
endothelium, which toward the surface of the heart end blindly, but 
which communicate with the central cavity and like this receive into 
them the stream of blood. 

‘The embryonic heart of Man and Mammals resembles in its first 
condition—that which has beon described up to this point—the beart 
of the lowest Vertebrates, the Fishes, In the former as in the 
latter it consists of a region, the atrium, which receives the venous 
blood from the body, and of another, the ventricle, which drives tho 
blood into the arterial vessels Corresponding to this condition of 
the heart, the whole circulation in embryos of this stage and in Fishes 
is still a simple and a single one. This becomes changed in tho 
evolution of Vertebrates, as in the embryonic life of the individual, 
with the development of the lungs, upon the appearance of which a 
doubling of the heart and of the blood-cireulation is introduced, 

‘The cause of such a change is clear, from the topographical relation 
of the two lunge to the heart, the former arising in the immediate 
vicinity of the heart by evagination of the foregut (fig. 314 %). 
‘The lungs therefore receive their blood from an arterial stem lying 
very near the heart, from the fifth [sixth] pair of aortic arches that 
arise from the trunous arteriosus. Similarly they give back again the 
venous palmonary blood directly to the heart through short stems, 
tho pulmonary veins, which, originally united into a single collecting 
trunk (Box, Rise), open into the atrium at the left of the great 
venous trunks. Therefore the blood that flows directly out of the heart 
into the lungs aleo flows directly back again to the heart, Herein is 
furnished the prerequisite for a double circulation, This comes into 
existence when the pulmonary and the body cturrents are separated fro 
cach other by means of partitions throughout the short course of the 
vascular system which both traverse in common (vix., atriam, ventricle, 
and truncus arteriosus). 

‘The process of separation begins in the vertebrate phylum with the 
Dipnoi and Amphibia, in whieh pulmonary respiration appears for 
the first time and supplante bronchial respiration. In the amniotic 
Vortebrates it is accomplished during their embryonic development. 
Therefore we now have to follow out further the manner in which, 
in the ease of Mammals and especially of Man, according to the 
recent investigations of Hrs, Borx, and Russ, the partitions are 
formed—how atrium and ventricle are each divided into right and 
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left compartments, and the truncus arteriosus into arteria pal- 
monalis and aorta, and how in this way the heart attains its definite 
form. 

The partitions arise independently in each of the three divisions 
of the heart mentioned. 

Let us first take into consideration the atrium, which is for a 
time the largest and most capacious region of the cardiac sac 
(Sg. 308). In Mana separation into left and right halves (fe and rv) 
is observable oven in the fourth week, since there is then formed 

on its hinder [dorsal] and 
upper wall a perpendicular 
projection inward, the first 
truce of the atrial partition 
(es) or septum atriorum, 
‘The halves are even now 
distinguished by the fact 
that they receive different 
venous trunks, The vitel- 
line and umbilical veins, 
as well as tho Cuvierian 
ducts to be discussed later, 
empty their blood into the 
right compartment, not 
fae ae Tes ioe ee directly, however, and by 
ee t bay seri, means of separate orifices, 

Senter iat vucfwhica aes errewrree, bab after they aww titted 

with one anothor in the 

vicinity of the heart to 

form « large venous sinus 

(er)—the sinus venosus or 

s, reunions. This is immo- 

diately adjacent to the atrium and communicates with it by means 

of @ largo opening in its posterior [dorsal] wall, which is flanked on 

the right and on the left by = lange venous valve (*). Only one 

ch traverses tho masculaturo of the heart obliquely, 

trial partition, into the left compartment; it is 

ioned unpaired pulmonary vein, which is formed 

immediately outside the atrium by the union of four branches, two 

of which come from each of the two wings of the lung now being 
established, 

Tn the further course of development the atrial partition grows 
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from above downward antil it reaches the middle of the atrial canal 
(fig. 309 sé). In this manner two completely separated atria would 
have come into existence at a very early period, if there had not 
been formed in the upper part of the partition, while it waa still 
growing downward, an opening, the future foramen ovale, which 
maintains a connection between the two chambers (fig. 309) up to 
the time of birth. The opening has arisen either from the septum 
atriorum having become thin and having broken through at a 
certain region, or from its having been incomplete at this place 
from the very beginning, as is the case with the Chick for example, 
where it is traversed 
by numerous small 
orifices. Afterwards 
the foramen ovale, 
adapting itself to 
the conditions of the 
circulation existing 
at the time, becomes 
still larger. 

The downgrowth 
of the atrial parti- 
tion has, moreover, 
the immediate result 
of soparating the au- 

Ticular canal into tho 7 S@—Paiy rat halt of te ha of « toman 
left and right atrio- —% Ventricular partition ; lt Lett rh right ventricle ; lower 
ventricular orifices rye tn ens vo right stem; an mouth of the ua 
(compare fig. 308 of euniens ; e, atrial partition (atrial » Hl 

with 9g.300)) The “ne eee 
auricular canal, even 

very soon after its formation, undergoes important alterations 
both from without and within. At first visible from the out- 
side (fig. 308 ob), it afterwards disappears-from view (fig. 309) 
by being in a manner overgrown on all sides by the ventricle, 
and thereby incorporated in its walls, which enlarge upward and, 
in consequence of a vigorous growth of the musculature, acquire con- 
siderable thickness. ‘The opening of the atrial canal into the ven- 
tricle, or the foramen atrioventriculare commune (fig. $10 A P.av.c), 
now has the form of a fissure extending from left to right, which 
ia bounded on either side by two ridge-like lips (ek and w.el)— 
the atrioventricular lips of Luxpes, or the endothelin! cushions of 
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free edge is directed upwards and grows toward the bulbus arteriosus 
and the atrioventricular opening. ‘The latter originally lies more in 
the left half of the ventricle (fig. 310 4 F.ar.c), but it gradually 
moves over more to the right, and finally assumes such a position 
that the ventricular partition by its growth upwards meets it exactly 





re ” ” 


‘Pig. 510.—Two diagrams (after Tons) to elucidate the changes in the mutual relations of the 
‘ostium atriowentriculare and the ostium interventriculare, as well sa the division of the 
‘ventricle and large arteries, The voutricles are imagined to have been divided into balves 
‘ue Jooks into the posterior (donal] halves In which, moreover, the eardine tmbeoule, ote, 
ave been cmttel for the sake of simplifying the view. 

A, Meaxt of an embryo Rabbit, in which the head is 3-5 mm. long. ‘The ventricle le 
divided by the ventrionlar partition (x) into » Jeft and a right half aa far ma the ostinm 
interventrioulare (%), Tho right ond of the foramen atrioventriculare commune (Far.¢) 
extends into the right ventricle ; the endocardial cushions (o ek, wet) are developed. 

&, Heart of an embryo Rabbit, head 76mm. long. ‘The endocardial cushions (o.ek, wet) of the 
foramen atrioventricalare commune are fisel, and thereby the for wtrlorenty, com, ts now 
mjmrated into « for, atrioventr, dextram (Fara) and sinistratm (Fee.4), The ventricular 
‘partition (ts) has likewise fused with the endocardial cushions, and bas grown forwand as far 
‘ms the partition (1) of the trancus arteriozas. By the closure of the remnant of the omluin 
intervontrioulaes (00) the septum membraaaceain ie formed. 

rt, Wight, UF, left ventricle; dx, ventricular partition ; Px, arteria palmonalis; Ao, sorta; 
* partition of the trungus arverioms ; Oi, ostium interventricalare ; Far.c, foramen atrios 
veutriculare commune; Peed and Pav.s, foramen ateioventricalare dextrum and ainiatrur * 
coh, el, ripper and Tower endothelial oF endocartint cushions. 


in the middle and fuses with its edges directly opposite the atrial 
partition (figs, 309, 310 2). 

‘Tho division of the ventricle in Man is completed as early as the 
seventh week. From the atrium, the two compartments of which 
are united by the foramen ovale, the blood is now conducted through 
a right and a left ostium atrioventriculare into completely separated 
right and left ventricles. 

Tho two atrioventricular openings are narrow at the time of 
their origin ; they are in part surrounded by the previously mentioned 

36 
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endocardial ridges that project from the partition, in part by corre- 
sponding growths of the endocardium at their lateral circumference. 
‘The membranous projections are comparable with primitive pocket. 
valves, such ng are also established in the bulbus arteriosus (Graxn- 
paur); they constitute the starting-point for the development of 
the large atrioventricular valves, but furnish, as Grornuace and 
Bersays have shown, only a part—tho membranous marginal 
thickening (m&!)—which subsequently disappears almost completely, 
whereas the compact main part of the valve arises from that portion 
of the thickened muscular wall of the ventricle itself that surrounds 
the atrioventricular opening (fig. 311 B mk), 

As was previously stated, in the case of Man the wall of the 
ventricle during the first months consists of a close spongy network 


‘Pig 311. — Diagrammatic representation of the formation of the atrioventricular valves. 4, Earlier, 
4, later condition, After Georreavn. 

tet, Membeanous Valve; wk’, the primitive part of the same ; ehf, chords terdines 5 v, cavity 
of thh ventrial work of cardiac musculature; ym, papitlary muscles ; 


of muscular trabecule, which are invested by the endocardium and 
the interstices of which communicate with the small cantral cavity 
(fig. 311 A). Such a spongy condition of the wall of the heart 
persists permanently in Fishes and Amphibia; in the higher Verte- 
brates and Man, on the contrary, metamorphoses occur. Toward 
its external surface the wall of the heart becomes more compact, in 
that the muscular trabecule become thicker and the spaces between 
them narrower, in some parts even disappearing entirely (fig. 311 2 
tc). The reverse of this process takes place toward the inside. Tn 
the vicinity of the atrioventricular opening the trabeculm become 
thinner and the interstices larger. In this way a part of the thick 
wall of the ventricle, which looks toward the atrium and encloses the 
‘openiny undermined, as it were, by the blood-current. In this 
part the musolo-fibres afterwards become entirely rudimentary; 
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there are formed from the interstitial connective-tissue substance 
tendinous plates, which with the endocardinl cushions attached 
to their margins become the permanent atrioventricular valves 
(fig. 311 B mk). The latter therefore arise from a part of the 
spongy wall of the ventricle. 

‘The remnants of the shrivelled muscular trabeculs (fig. 311 B eit), 
which are attached to the valve from below, become still more 
rudimentary in the immediate vicinity of the attachment; here aleo 
® part of the muscular fibres disappears entirely ; the connective 
tissue, on the contrary, is preserved, and is converted into the tendinous 
cords which, known under the name of chordo: tendinew, serve to 
hold in place the valves. At some distance from the latter the 
trabeculw projecting into the ventricle preserve their fleshy con- 
dition and become the papillary muscles (pm), from the apices of 
which the chordm tendinew arise. ‘‘ Whatever of the primitive 
trabecular network still persists on the inner surface of the ventricle 
forms a more or less stout meshwork of muscles, the fleshy pillars of 
the heart (é), or trabeculw carne.” 

Th consequence of all these alterations the originally small cavity 
of the ventricle has become considerably enlarged at the expense of 
a part of its spongy wall. For the whole of the space which in 
fig, 311 B lies below the valves has been produced from the system 
of originally narrow spaces (fig. 311 A), and has been employed for the 
enlargement of the central cavity by the degeneration of the fleshy 
columns into slender tendinous cords, . 

It still remains for us to investigate the division of the truncus 
arteriosus and the final metamorphosis of the atrium. 

At about the time when the formation of the partition in the 
ventricle takes place, the truncus arteriosus, which arises from it, 
becomes somewhat flattened, and thus acquires a fissure-like lumen, 
On the flat sides two ridgelike thickenings make their appearance 
(fig. $10 A and B s), grow toward each other, and by their fusion 
divide the cavity into two passages which are triangular in cross 
section, Now, too, the beginning of the internal separation makes 
itself visible externally as two longitudinal furrows, in the same 
way that the formation of a partition in the ventricle is indicated 
by the sulcus interventricularis. The two canals resulting from the 
division are the aorta and the pulmonary artery (do and Pu). For 
a time they continue to be surrounded by a common adventitia, then 
they become widely separated and also externally detached from each 
other, The whole process of separation in the truncus arteriosus 
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ee the development of a partition in the 

ventricle, beginning as it does at first above and advancing from 
there downwards. Finally the aortic septum penetrates also into 
the cavity of the ventricle itself (tig. 310 B # and ks), there unites 
with the independently developed ventricular partition, furnishes 
the part known as pars membranavea (Qi), and thus completes the 
separation of the vessels leading out from the heart, the aorta falling 
to the lot of the left ventricle, the art. pulmonalis to the right. 

‘The pars membranacea indicates therefore in the finished heart 
the place at which the separation between the right and left halves 
of tho heart is completed (fig. 310 B Oi). “It is, ax it ware, the 
keystone in the final separation of the primitive simple cardine sac 
into the four secondary cardiac cavities, as they are formed in Birds 
and Mammals” (Rise), From a comparative-anatomical point of 

view this place presents a special interest 
from tho fact that in Reptiles there exists 
here a permanent opening between the 
two ventricles, the foramen Pannizae, 
Even before the division of the trancus 
arteriosus, the semilunar valves have become 
established as four ridges, consisting of 
gelatinous tissue with a covering of endo- 

valves, Division into pul, thelium, at the contracted place which ix 

monatie <p) and aorta (a),  dlesignated as the fretum Halleri. Two of 

wae "them are halved at the time of the divi- 

sion of the truncus into aorta and art. 
pulmonalis. For each vessel, therefore, there aro now three ridges, 
which, owing to a shrivelling of the golatinous tise, assume the 
form of pockets, Their arrangement, to which Groxxnaur has called 
attention, is intelligible from thoir method of development, as the 
accompanying diagram (fig. 312) shows. “By the division of the 
originally single bulbus arteriosus (4) into two canals (#), the 
nodule-like fundaments of the four original valves are distributed: 
in such # manner that the anterior [ventral] one and the anterior 


teil 
. 558, the mouth of the pulmonary vein, and 
adergo important alterations, 
The sinus venosus disappears as an independent structure, since it 
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is gradually merged into the wall of the atrium. In consequence of 
this the great venous trunks, which originally emptied their blood 
into it and which have meanwhile been converted into the superior 
and inferior vens cave and into the sinus coronarius (the details of 
which are given in section @), empty directly into the right half of 
the atrium, and here gradually separate farther and farther from 
one another, Of the two valves which surround, as was previously 
stated, the mouth of the sinus venosus, the left becomes rudimentary 
(figs. 308, 309) ; the right (*), on the contrary, persists at the mouth 
of the inferior vena cava and of the sinus coronarins, and is divided, 
cornsponding to these, into a larger and a smaller portion, of which 
the former becomes the valyula Eustachii, the latter the valvula 
‘Thebesii. 

The four pulmonary veins are united for a time into a common 
short trunk, which empties into the left half of the atrium, Sub- 
sequently the common terminal portion becomes greatly enlarged 
and merged with the wall of the heart, in the same way as tho sinus 
venosus does, In consequence the four pulmonary veins then open 
separately and directly into the atrium, 

The foramen ovale, the formation of which was previously 
described, maintains a broad communication between the two sides 
of the atrium during the entire embryonic life. It is bounded 
behind and below by the atrial partition, a connective-tissue mem- 
brane that subsequently receives the name of valvula foraminis 
ovalis (fig. 309 sf). Also from above and in front there is formed a 
sharp limitation, since a muscular ridge projects inward from the 
atrial partition, the anterior atrial crescent or the limbus Vieussenii 
(vs). Even in the third month all of these parts are distinctly 
developed; the valvula foraminis ovalis already reaches nearly to 
the thickened margin of the anterior muscular crescent, but is 
deflected obliquely into the left half of the atrium, so that a broad 
fissure remains open and permits the blood of the inferior vena cava 
to enter into the left part of the atrium. After birth the margins 
of the anterior and posterior folds come into contact, and, with 
occasional exceptions, fuse completely. The posterior fold farnishes 
the membranous partition of the foramen ovale; the anterior, with 
its thickened muscular margin, produces above and in front tho 
limbus Vieussenii. With this the heart has attainéd its permanent 
structure, 

While the cardiac sac undergoes these complicated differentiations, 
it changes its position in the body of the embryo and acquires at an 
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early period a special investment, the pericardium. In connection 
with the latter the diaphragm is formed as a partition between the 
thoracic and abdominal cavities. This is consequently the most 
suitable place at which to acquaint ourselves better with these 
important processes, a part of which are not easily understood. The 
moat of the discoveries in this field we owe to the investigations of 
Caprat, His, Batrour, Uskow, and others, 


(8) The Development of the Pericardial Sac and the Diaphragm. 
The Differentiation of the Primary Body-cavity into Pericardial, 
Thoracic, and Abdominal Cavities, 


Originally the body-cavity is widely extended in the body of the 

embryo, for it can be traced in the lower Vertebrates into the fun- 

dament of the head, where it 

furnishes the cavities of the 

visceral arches. After the 

latter have become closed, 

during which muscles arise 

from the cells composing their 

walls, the body-cavity extends 

forward as far as the Inst 

visceral arch and constitutes 

a large space (fig, 313), in 

which the-heart is developed 

within the ventral mesentery: 

(mesocardium anterius and 

posterins), Remax and Kon 

Likek named this space throat 

Fig, 12—Haman embry (lo of Mn) $18 mm. cart; His introduced the 

figure, afvor Hes (* Menathlica Rerbrpenen ) name parietal cavity. But it 

Mh Onl sis; dy sere Volt; Pat, mldtle will be most appropriate if 

one designates it, after the 

: permanent organs which aro 

isle ot the heart; D,diaphragn; derived from it, as the peri 

Fatt cummins: 5 "cardio thoracie cavity. ‘Tie 

more the cardine tube ix 

thrown into curtes, the mors extensive this cavity becomes, and it 

soon acquires in the embryo a comparatively enormous size, By 

this its front wall is protruded ventrally like « hernia betweon the 
head and the navol of the embryo (figs. $14, 157). 
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‘The poricardio-thoracic cavity begins very early to be sharply 
marked off from the futuro abdominal cavity by a tranaverse fold 
(figs, 313, 314 s-+0), which begins at the front [ventral] and lateral 
walls of the trunk, and the free edge of which projects dorsalwards 
and medianwands (fig. 314 =+0) into the primitive body-cavity, It 
marks the course which the terminal part of the vena omphalo- 
mesonterica takes in order to reach the heart, Subsequently there 
are found imbedded in the fold all of the venous trunks which empty 
into the atrial sinua of the heart (figs. 313, 314),—the omphalo- 
mesenteric and umbilical veins and the Cuyierian ducts (de), which 
collect the blood from the walls of the trunk. Therefore the formation 
of the tranaverse fold is moat intimately connected with the develoyrnent 
of the weins. It takes the name of septum traneversum (masa 
transversa, Ussow), and has the form of a transverse bridge of 
substance uniting the two lateral walls of the trunk (fig. 313), which 
inserts itself between the sinus venosus and the stomach, and 
is united with both as well as with the ventral mesentery. Its 
posterior portion (fig. 314 2+1) contains abundant embryonic con- 
nective tissue and blood-vesels, and constitutes a mass described as 
prekepaticua (Vorleber), since the two liver-sacs (fig. 313 Lb+JZty) 
grow out from the duodenum into it and produce the hepatic 
cylinders. In proportion as this takes place, and the hepatic 
cylinders spread out from the ventral mesentery laterally into the 
septum transversum, the latter increases in thickness and now 
embraces two different fundaments,—in front, a plate of substance 
in which the Cavierian ducts and other veins run to the heart (the 
primary diaphragm) ; behind, the two lobes of the liver, which produce 
ridges that project into the body cavity. 

By means of the septum transversum the pericardio-thoracic and 
the abdominal cavities are almost completely separated (fig. 314), 
‘There remain only two narrow canals (rh) (thoracic prolongations 
of the abdominal cavity, H1s), which establish a connection behind 
with the abdominal cavity at either side of the intestinal tube and 
its dorsal mesentery. The two canals (brh) receive the two funda- 
ments of the lungs (lg) when they grow out from the ventral wall 
of the intestinal tube. They afterwards become the two thoracic or 
pleural cavities (67h), whereas the larger cavity communicating with 
them (AA), in which the heart has developed, becombs the pericardial 
chamber. The latter takes up the whole ventral aide of the embryo; 
the thoracic cavities, on the contrary, lie quite dorsal next to tho 
posterior wall of the trunk. 
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How does the closure of these three originally communicating 
spaces take place, and how do they attain their altered, final position 
in relation to one another J 

‘The pericardial sac is the first to be separated off. The impulse 
to separation is furnished by the Cuvierian ducts (fg. 314 do). One 
portion of the latter runs down from the dorsum, where it arises by 
the confluence of the jugular and cardinal veins, along the lateral 
walls of the trank to the transverse septum (fig. 314 do); it thereby 


Tig. 4.— Sagitts! reconstruction of & human embry $ mm. long, neck meamcrement (erubryo 
His), to elucidate the development of the pericardio-thoracic cavity and the diaphragm, 
afver Has. 
@>, Bulbas axterionns ; brit, thoracic cavity (recemos pariotalis, Flus); Ak, eer ar 
Me, duetus Cuvier; ay, ¥ene on erica ; ne, wanbitioal 
od, Jugular vein; fp, bung; z+ (, fun on of te donnastod Siees al, EO 


crowds the pleura into the pericardio-thoracio cavity, and in this 


also explained the position of the 
ns into the atrium from above, 
m the Cuvierian duct. Originally located in 
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the lateral wall of the trunk, its terminal part is afterwards enclosed 
in the mediastinum. 1 

After the closure of the pericardial sac, the narrow, tubular 
thoracic cavities (fig. 314 drk) continue for a time to remain in 
communication behind with the abdominal cavity. The fundaments 
of the lungs (lg) meantime grow farther into them, and their tips 
finally come in contact with the upper surface of the liver, which 
also has now become larger, Then a closure is effected at these 
places also, From tho lateral and posterior walls of the trunk 
project folds (the pillars of Uskow), which fuse with the septum 
transversum, and thus form the dorsal part of the diaphragm. One 
can therefore distinguish a ventral older part and a doreal younger one, 


As GEGENBAUR points out, this explains the course of the phrenic nerve, 
which runs i front of [ventral to) the heart and lungs and approaches the 
aphtagm from in front, 


Oceasionally the fusion of the dorsal and ventral fundaments is 
interrupted on one side. Tho consequence of such arrested develop- 
ment is a diaphragmatic hernia—i.¢., a permanent connection between 
abdominal and thoracic cavities by means of a hernial orifice, through 
which loops of the intestine can pass into the thoracic chamber. 

When the four large serous spaces of the body have been com- 
pletely shut off from one another, the individual organs must still 
undergo extensive alterations of position, in order to attain their 
ultiniate condition. The pericardial sac at firet takes up the whole 
ventral side of the breast, and over a large area is connected with 
the anterior wall of the thorax and with the upper wall of the 
diaphragm. Moreover, the latter is united with the liver along its 
whole under surface, The Inngs ‘lie hidden in narrow tubes at the 
dorsal side of the embryo. 

‘There are two factors that come into the account in this con- 
nection (fig. 315). With the increase in the extent of the lungs (/g), 
the thoracic cavities (plp) extend farther ventrally, and thereby 
detach the wall of the pericardial sac (pc), or the pericardium, on 
the one hand from the lateral and anterior walls of the thorax, and 
on the other from the surface of the diaphragm. Thnx the heart (At), 
with its pericardial sac, is displaced step by step toward the median 
plane, where, together with the large blood-vessels (ao), the aso- 
phagus (af), and the bronchial tubes, it helps to form a partition— 
the mediastinum—between the greatly enlarged thoracic eavities, 
In front the pericardial gac then remains in contact with the wall of 
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the thorax (at) and below with the diaphragm for a little distance 
only. 

The second factor is the separation of the liver from the primary 
diaphragm, with which it was united to form the septum transversiem. 
‘This takes plice us follows: At the margin of the liver the peritoneum, 
which originally covered only its under surface, grows over on to 
its upper surface, separating it from the primary diaphragm. A 
connection is retained near the wall of the trunk only, Thus is 
explained the development of the digamentum coronarium hepatia, 


‘ounal ; 09, dorwal aorta; ¢&, chords; rp, vib; at, sterummn ; ame, aplnal oom, 


which was disregarded in the section which treated of the ligamentous 
supports of the liver (p. 330), 

‘The diaphragm finally acquires its permanent condition by the 
ingrowth of muscles from the wall of the trunk into the connective- 
tissue Iomella, 


(c) The Metamorphoses of the Arterial Sytem, 


‘The development of the large arterial trunks lying in the vicinity: 
of the heart is of great interest from a comparative-anatomical point 
of view. As in all Vertebrates at least five pairs of visceral archos 
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are established on the two sides of the foregut (permanently in 
the gill-breathing Fishes, Dipnoi, and a part of the Amphibia, 
transitorily in the higher Vertebrates), so also there are developed 
at the corresponding places on the part of the vascular system five 
pairs of vascular arches* (fig. 316 1°). They take their origin 
from the truncus arteriosus (figs. 316, 317), which runs forward 
under the fore-gut, then follow along the visceral archos up to the 
dorsal surface of the embryo, and here unite on cither side of the 
vertebral column into longitudinal vesels, the two primitive aorta 
(fig. 317 ad). On this account they are called aortic arches, but 
they are more appropriately designated as wisceral-arch weasels, 

In the Vertebrates that breathe by 
means of gills, the vessels of the 
visceral arches become of importance 
in the process of respiration, and carly 
lose their simple structure, From 
their ventral initial portions there 
arise numerous Iateral branches run- 
ning to the branchial lamolle, which 
have arisen in large numbers from 
the mucous membrane investing the 
visceral arches ; here they are resolved 
into fine capillary networks. From 
these the blood is re-collected into 
venous branches, which open into the 
‘upper end of the viscoral-arch vessels, 1-9, First to fifth aortic arches; ad, 
The Inrger the ventral and dorsal — Soa ddvallsich cars intersa: 
lateral branches, the more incon- 4 sabelavis 5 p, pulmonalin 
spicuous does the middle part of the 
vessel of the visceral arch become. At length it has separated into 
an initial part, the branchial artery, which is distributed to the 
branchial lamellw in numerous branches, and an upper part, the 
tranchial vein, into which the blood is re-collected. The two are 
connected with each other by means of tho close network only, 
which, from its superficial position in the mucous membrane, presents 
# suitable condition for the removal of the gases from the blood. 

Since in the Amniota there are no branchial lamellw produced, 
branchial arteries and veins also fail to be developed, the vessels of 

* [The existence of si pairs of vascular arches has recently been shown to be 


the typical condition, the newly discovered pair, situated between the fourth and 
fifth pairs of Ratnxe’s scheme (fig. 816), being of short duration in Amniota.) 
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the visceral arches retaining their original simple condition. But 
they are in part of only short duration; they soon suffer, by the 
complete degeneration of extensive portions, a profound metamor- 
phosis, which is effected in a somewhat different manner in 
Birds, and Mammals, An exposition of the changes in the case of 
‘Man only will be given here. 

In homan embryos only a few millimetres long, the trancus 
arteriosus, which emerges from the still single cardiac tube, is divided 
in the vicinity of the first visceral arch into a left and a right 
branch, which surround the pharynx, and are continuous above with 
the two primitive aorte. It is the first pair of aortic arches. In 


Fig. 317.—Development of the large artecial tranks, represented from embryos of @ Eisard (4), 
the Chick (#), and the Pig (C), afver Ranicxe. 

‘The firs iwo yairs of arterial archos have in all case dsppeerel. In A and # the thinly 
fourth, and Mf pales are stil fully promerved ; in C only the two latter are stihl coxpilete 

#, Pulmouary artery atising feom the fifuh areb. Yt still joined to Ube dorsal sorta by mmeana of 
‘® ductus Hotalli ; ¢, external, «’, internal earotd ; aul, dorsal sorta; , atriuin: #, Tentrivle # 
‘onal pit; m, fundament of the antarior Him’, 


only slightly older embryos their number is rapidly increased by 
the formation of new connections between the ventral truncos 
arteriosus and the dorsal primitive aorte. Soon a seeond, a thinl, 
a fourth, and, finally, a fifth pair make their appearance in the 
same sequence in which the visceral arches are established in the 
caso of Man as well as the remaining Vertebrates, 

The five pairs of vascular arches give off lateral branches to 


vascular arch, and is distributed to the region of the upper and 
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lower jaws. The carotis interna (figs, 316 ci, 317 o’) likewise arises 
from the first arch, but farther dorsally, at the point where the 
arch bends around to become continuous with the root of the aorta ; 
it conducts the blood to the embryonic brain and to the developing 
eye-ball (arteria ophthalmica), From the dorsal region of the 
fourth vascular arch (fig. $164) a branch is given off which is 
soon divided into two branches, one of which gocs headwards to the 
medulla oblongata and the brain, the arteria vertobralis (v), whereas 
the other (8) supplies the upper limb (arteria subclayia). In the 
course of development these two arteries interchange relations in. 
respect to calibre. In young embryos the vertebralis is by far the 
more important, while the subclavia is only a small inconspicuous 
lateral branch, But the more the upper extremity increases in size, 
the more the subelavia is elevated into the position of the main. 
trunk, and the more the vertebralis sinks to the rank of an accessory 
branch. Finally, from the fifth [sixth| arch there bud forth branches 
to the developing lungs (figs. 316, 317 p). 

As the simple diagram shows, the fundament of the arterial trunks 
which arise from the heart is originally strictly aymmetrical. But at 
an early period there occur reductions of certain vascular tracts even: 
to their complete disappearance ; in this way the symmetrical arrange- 
ment ta gradually converted into an wnaynrmetrical one. 

‘The accompanying diagram (fig. $18)—in which the parts of the 
vascular course that degenerate are left free, and those which 
continue to be functional are marked by a heavy central line—will 
serve to illustrate this metamorphosis. 

First, as early as the beginning of the nuchal flexure, the first 
and second vascular arches—with the exception of the connecting: 
portions through which the blood flows to the carotis externa (b)— 
disappear, 

‘The third arch (¢) persists, but loses its connection with the dorsal 
ond of the fourth, and therefore now conveys all its blood toward the 
head into the carotis interna (a), of which it has now become the 
initial part. 

‘The chief réle in the metamorphosis is assumed by the fourth and 
fifth arches (fig. 317 C). They soon exceed all other vessels in size, 
and as they lio nearest to the heart, they are converted into the two. 
chief arteries which arise from it, the sortic arch and the arteria 
pulmonalis. An important modification is effected at the place of 
their origin from the trancus arteriosus when the latter is divided 
lengthwise by means of the development of the partition previously 
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mentioned. ‘The fourth arch (fig. 318 ¢) then remai.s in connection 
with the trunk (d) which arises from the left ventricle and receives: 
blood exclusively from that source. The fifth arch (), on the con- 
trary, forms the continuation of that half (m) of the truncus arteriosus 
which emerges from the right ventricle. Thus the division of the 
blood into two separate currents initiated in the heart is also 
continued into the nearest vessels, but for a short distance only, 
since the fourth and fifth pairs of vascular arches (fig. 317) still 
empty their blood together into the aorta communis (ad), with the 
exception of a certain portion which runs 
through their accessory branches, in part to 
the head (cc’) and upper Hmbs, in part to 
the still diminutive Iungs. Gradually, how= 
ever, the process of separation thus introduced 
is continued atill farther into the region of 
the peripheral vessels and finally leade to the 
establishment of the entirely distinct major 
and minor circulations. The final condition is 
attained by the degeneration of certain portions 
of the veasels and the enlargement of others. 

A preponderance of the vascular arches of 
the loft side over those of the right is soon 
recognisable (fig. 318). The former con- 
tinually increase in size, while those of the 
right side become less and less apparent and 
finally in places disappear altogether. They 
are retained only in so far as they conduct 
the blood to the lateral branches which, 
arising from them, go to the head, the upper 
limbs, and the lungs. Consequently of the 
right aortic arch there remains only the 
tract which gives rise to the right carotis communis (c) and 
the right subclavian ({+2). We designate its initial part as the 
arteria anonyma brachiocephalica, With this the permanent con- 
Alition is now established. ‘The remnant of the right fourth vascular 
arch appears as a side branch only of the aorta (¢), which forms an 
arch on the left side of the body, and here gives rise to the carotia: 
communis sinixtra (c) and the subclavia sin. (4) a8 additional Interal: 
branches. 

‘The right half of the fifth [sixth] pair of vascular arches | 
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to the right lung. On the left side of the body, om the contrary, 
the pulmonary arch still persists for a long time and conducts 
blood into the left lung and also through the ductas arteriosus 
Botalli (mw), into the sorta. After birth, in connection with 
pulmonary respiration, the duct of Boranti also degenerates. For 
the lungs, when they aro expanded by the first act of inspiration, 
are in a condition to receive a greater quantity of blood. The 
consequence is that blood no longer flows into the ductus Botalli, 
and that the latter is converted into a connective-tissue cord, 
which extends between aorta and art. pul- 
monalis. 

In addition to the regressive changes _« 
mentioned, there are effected meantime 
alterations of position in the large vascular 
tronks that arise from tho heart. They 
move at the same time with the heart from 
the neck region into the thorncic cavity. In 
this fact lies the explanation of the peculiar 
course of the nervus laryngeus inf. or re- 
currens. At the time when the fourth 
vascular arch still lies forward in the region 
of its formation in the fourth visceral arch, 
the vagus sends to the larynx a small nerve *% higpemradcy perry 
branch, which, to reach its destination, sqeteio mat : a 
passes below [caudad of] the vascular arch. “4 of c 
ee ria downwards, the  igutesbusviny domi 


sacirtn: hy eth aubelavian 
nervus laryngeus must thereby be carried poset lrgems ot 











down with it into the thoracic cavity, and side); 4, palmonary ar 
must form a loop, one portion of which, Se nirae 


arising in the thoracic cavity from the vagus, pulmonary arteries. 
bends around the arch of the aorta on the 

left side of the body (but around the subclavia on the right side of 
the body) to become continuous with the second portion, which takes 
the opposite or upward course to the region of its distribution. 

‘The processes of development discussed also throw light on a series 
of abnormalities which are quite frequently observed in the large 
vascular trunks. I shall cite and explain two of the most important 
of these casos, 

Occasionally in the territory of the vessels of the fourth visceral 
arches the original symmetrical condition is retained. The aorta is 
then divided in the adult into right and left vascular arches, which 
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now designated as the iliaca communis. However, two connective: 
tissue cords result from the degenerating vessels, tho ligamenta 
vesico-umbilicnlia Iateralia, which run to the navel on.the right and 
left of the bladder. 


(@) Metamorphoses of the Venous System. 

‘The older excellent works of Rarakx and the more recent meri- 
torions investigations of His and Hocusrerren constitute the 
foundation of our knowledge in the difficult field with which we are 
now concerned. They show us that originally all of the chief trunke 
of the venous system, with the exception of the inferior vena cava, are 
established in pairs and aymavtrically, This holds true not only for 
the vessels which collect the blood from the walls of the trunk and 
from the head, but also for the veins of the intestinal tube and the 
embryonic appendages which arise from it. 

In the first place, so fur as regards the veins of tho body, the 
venous blood is collected from the head into the two jugular weine 
(fig. 320 wy and fig. $21 A je, ji), which run downwards along the 
dorsal sido of tho visceral clefts and unite in the vicinity of 
the heart with the cardinal veing (fig. 320 wee and fig, 321 A on). 
‘Tho latter advance in the opposite direction, from below upwards, 
in the dorsal wall of the trunk, and colleet the blood especially 
from the mesonephros. There arise from the confluence of the 
two veins the Cuvierian ducts (figs, 320, 321 A de), from which 
are subsequently developed the two superior venw cave, The 
veins of the trunk in Fishes exhibit a symmotrical arrangement 
like this throughout life, 

Tn the earliest: stages the Cuvierian ducts lie for some distance in 
the lateral wall of the pericardio-pleural cavity, where they ran 
downwards from the dorsum to the front [ventral] wall of the trunk 
(fig. 320). On arriving at this point, they enter into the septum 
tronsversum, Kittaken’s mesocandiom Jateralo, in order to reach the 
atrium of the heart. ‘This important embryonic structure forms a 
point of collection for all the venous tranks emptying into the heart. 
In it there are joined to the Cuvierian ducts the veins from the 
viscera (fig. 313 V.om and Pur, fig, 320 de and we),—the paired yolk 
veins and umbilical veins—all of which are joined into the common 
sinus venosus, which was previously (p. 558) mentioned apropos of 
the development of the heart, and which is situated directly between 
atrium and septum transversum. 

The two vitelline veins (v. omphalomesenteriem) return the blood 

37 
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from the yolk-sne ; they are the two oldest and largest venous trunks 
‘of the body, but they become inconspicuous in the same ratio as the 
yolk-sac shrinks to an umbilical vesicle. They run close 
along the intestinal tube, and come to lie at the sides of the duodenum 
and stomach, where they are united to each other by transverse 
anastomoses even at a very early period. 

The navel veins (venm umbilicales) are also originally double. At 
first very swall, they subsequently become, in contrast with the 
vitelline veins, moro and more voluminous, as the placenta, from 


revastrocion of Kaman snbeys 6 mm. lng sect seasasesal GaiWi7e 
development of the perieardio-thorasio eavity and the diaphragm, 


yenerterica) 5 | om, anata 
+4 fundameat of the dlapihiwgma aad the Iver; we, 
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which they -oonvey the blood back to the body of the embryo, is 


idneys ; caudalwants it is connected by 
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lateral anastomoses with the cardinal veins. At the heart it opens 
into the sinus venosus, 

From this primitive form of the venous system (fig. 321 A) is 
derived the ultimate condition in Man, There are three changes 
which are conspicuous in this connection. (1) The veins empty 
directly into the atrium instead of a venous sinus. (2) The sym- 
metrical arrangement in the region of the Cuvierian ducts and the 
jogular and cardinal veins gives place to an insymmetrical arrange- 
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Fig. $¢1.—Diagram of the development of the venous syetein of the body, 

de, Ductus Cuvieet ; 4 4 veo Jugularie extérma, Intern; 4% wnbelaving 9A, v beption 
rovebeus; Uv, umbillealla; ef (el%), v. carn inferi Kon", on", en"), ¥. cardinadis; 
od, den, ¥. SMlaca communia dextra, ainiktra ; ed, a4, ¥, anonyria brachlosephalics dextra, 
sinistre; c4, ¥. cava muperior ; ext, ¥. cata superior dextes ; ea, rdimentary portion of 
Y. cava superior stolutes ; ¢, ¥. coronaria contin; az, ¥. axypos ; he (Ai), ¥. hemiagygoe ; 
Ue, v, itlaon externa ; it, ¥. Mines interna; r, ¥, renalis, 








ment accompanied by a degeneration or stunting of some of the 
chief trunks, (3) With the development of the liver there is formed 
a special portal system, 

‘The alteration first mentioned is accomplished by the incorporation 
of the sinus venosus in the atrium. At first enclosed in the septum 
transversum, the sinus elevates itself above the upper surface of the 
latter, from which it detaches itself, and comes to lio as an 
appendage to the atrium in the anterior trunk-cavity. Finally it 
fuses completely with the heart and furnishes the smooth region of 
the atrial wall, which is destitute of the pectinate muscles (Hs), 
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return of the blood to the heart. In consequence of this the 
proximal end of the right cava becomes much larger, the left, on 
the contrary, proportionately smaller. Finally, there is a complete 
wasting away of the latter blood course (fig. 322 C' cae) as far as the 
terminal part (co), which is lodged in the coronal groove. This 
remains open, Lecauss the cardiac veins convey blood to it, and is 
now distinguished as sinus coronarins, 

A process in many respects similar to this is repeated in the case 
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of the candinal veins (fig. 322 4 ca). The latter collect the blood 
from the primitive kidneys and the posterior wall of the trunk, from 
the pelvic cavity and the posterior limbs. From the pelvic cavity 
they receive the venm hypogastricm (ii), and from the limbs the 
v. iliac extern (ile) and their continuation, the v. crurales. In this 
way the cardinal veins are at first, as in Fishes, the chief collecting 
tranks of the lower half of the body. Subsequently, however, they 
diminish in importance, since the inferior vena cava becomes the 
main collecting trunk instead of them. 

it is only within the last few years that the development of the 
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vona cava; it furnishes that portion of the latter which is 
situated between the renal veins and the division into the two vens 
ilincr communis (fig. 322 B and C cé¥), 

Whilo the abdominal part of the left cardinal vein (fig. 322 ( cu*) 
succumbs and the corresponding region of the right cardinal vein 
produces the lower part of the inferior vena cava (ci*), their 
thoracic portions persist in a reduced form, since they receive the 
blood from the intercostal spaces (fig. $22 B ca). In this region 
occurs still another and last metamorphosis, by which likewise an 
asymmetry is brought about between the halves of the body, In the 
thoracic part of the body the original conditions of the circulation are 
altered by the degeneration of the left cava superior (fig, 322 C cae), 
‘Tho direct flow of the left cardinal vein to the atrium is thereby 
rendered more difficult, and finally ceases altogether, the tract desig- 
nated by ea? undergoing complete degeneration. Meanwhile a trans- 
verae anastomosis (Az?), which has been formed in front of tho 
vertebral column and behind the aorta between the corresponding 
vesels of both- sides, receives the blood of the left side of the body 
and transports it to the right side. In this manner the thoracic 
part of the left cardinal vein and its anastomosis become the left 
heminzygos (Az and As?) ; the right and larger cardinal vein becomes 
the azygos (as). 

‘Thus by many indirect ways is attained the permanent condition 
of the venous system of the trank, with its asymmotry and its 
preponderance of the venous trunks in tho right half of the body. 

A third series of motamorphoses, which we shall now take into 
consideration, concerns the development of a liver cirewlation, 

The liver receives its blood in different stages of the embryonic 
development from various sources; for a time from the vitelline 
veins; during a second period from the umbilical veins; after 
birth, finally, from the veins of the intestines—the portal vein, 
This threefold alteration finds its explanation in the conditions of 
growth of the liver, the yolk-sac, and the placenta, As long as tho 
liver is small, the blood coming from the yolk-sac suffices for its 
nourishment. But when it increases greatly in size—the yolk-sac, 
on the contrary, growing smaller—other blood-vessels at this time, 
the umbilical veins, must supply the deficiency, When, finally, at 
birth the placental cireulation ceases, the venous trunks of the 
intestinal canal, which meanwhile have become very large, can 
supply the needs, 

These circumstances must be kept in mind, in order to comprehend 


THE ORGANS OF THE INTERMEDIATE LAYE On siesexcriye. 585 


annstomosis soon becomes the chief course, and finally with the 
degeneration of the original tract receives all the blood of the 
umbilical veins. This, mingled with the blood of the yolk-sac, 
circulates through the liver in the vessels which took their origin 
from the vitelline veins—in the ven hepatiew advehentes and 
revehentes, Then it flows into the atriam through the terminal 
part of the vitelline vein. ‘The latter also reovives the inferior vena 
cava, Which at this time is still inconspicuous, and can therefore 
be designated oven now, in view of the ultimate condition, as the 
cardiac end of the inferior vena cava. 

During a brief period all of the placental Woot must first traverse 
the hepatic cirenit in order to reuch the heart, A direct passage to 
the inferior cena cava 
through the ductus eeno- 
aus Arantid does not yet 
exist, But such an out- 
let becomes necessary 
from the moment when, 
by the growth of the 
embryo and the pla- 
centa, tho blood of the 
umbilical veins has #0 gH Be maemo 
increased in amount {ls tafe Tn ep ag pa eis 
that the hepatic ciren- ,, Vesa hepation adwelens ainivtra wed dextrn : 
lation is no longer able Ar Pere er tas ore aie, wate enon ek 
to contain it. There ix ‘vena hepation revebontes (Ar). 
then developed on the 
under surface of the liver out of anastomoses a more direct 
connecting branch, the ductus venosus Arantii (fg. 323 d.4), 
between umbilical vein (n.») and inferior vena cava (ci”). ‘Thus is 
established—and it persists until birth—a condition by which the 
placental blood (nw) is divided at the porta into two currents: 
ono passing through the ductus venosns Arantii (dA) into the 
inferior vena cava (c¢"); the other pursuing a round-about way, 
passing through the vent hepatiow advehentes (has and had) 
into the liver, here mingling with the blood brought to the liver 
through the vitelline vein (p/a) from the yolk-suc and from the 
intestinal canal, which has in the meantime become enlarged, and 
finally passing through the ven hepatice revehentes (A,r), also to 
reach the inferior vena cava (0.i"). 

There is still something to bo adiled concerning the development of 
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divided into two branches. One stream goes directly through tho 
ductus Arantii into the inferior vena cava, and is here mingled with 
the venous blood which returns to the heart from the posterior limbs 
and the kidneys. The other stream passos through the liver, whore 
there is added to it the venous blood of the portal vein coming from 
the intestine; by this circuitous course it also reaches, through the 
ven hepaticw revehentes, the inferior vena cava. From tho latter 
the mixed blood flows into the right atrium, but, in consequence of 
the position of the Eustachian valve and because the foramen ovale 
is atill open, the greater part of it passes through the latter into the 
left atrium. The other smaller part is again mingled with venous 
blood, which has been collected by the superior vena cava from the 
head, the upper limbs, and (through the azygos) from the walls of 
the trank, and is propelled into the right ventricle and from there 
into the pulmonalis. The latter sends a part of its highly venous 
blood to the lungs, the other part through the ductus Botalli to the 
aorta, where it is added to the arterial current coming from the left 
ventricle, 

The blood of the left ventricle comes principally from the inferior 
cava, only a small part of it from the lungs, which pour their blood, 
which at this time is venous, into the left atrium, It is driven into 
the aortic arch and part of it is given off through lateral branches to 
the head and upper limbs (carotis communis, subclavia) ; the ‘rest is 
carried on downwards in the sorta descendens, where the venous 
current of blood from the right atrium by the way of the ductus 
Botalli is united with it. The mixed blood is distributed to the 
intestinal canal and the lower limbs, but the most of it reaches the 
placonta through the umbilical veins, where it is again made arterial. 


In the distribution of the blood in the anterior and the posterior regions 
of the body a noteworthy difference 1s easily recognised. Tho former receives 
through the carotis and subclavia a more arterial blood, since to the stream in 
the aorta descendens is added the venous blood of the right ventricle through 
the ductus Botalli, Especially in the middle of prognancy is this difference 
important. There has been an endeavor to refer to this» fact the more rapid 
growth of the upper part of the body in comparison with the lower, 


As this sketch has shown, there is everywhere a mingling of the 
different kinds of blood. This, it is true, is not uniform in the different 
months of embryonic life, because, indeed, the separate organs do not 
alter in size uniformly, and especially because the lungs during tho 
later stages are in a condition to receive more blood, and finally 
because the foramen ovale and the ductus Botalli become narrower 
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2. The second type is to be derived from the first, and is explain- 
able as an adaptation to the great size of the yolk, in that the heart 
is established at a time when the splanchnopleure is still spread out 
flat upon the yolk and is not yet folded together to form the head- 
gut. 

3. The cells which are united to form the endothelium of the 
heart are split off from @ proliferating, thickened place of the 
entoderm, 

4. The heart is first established in all Vertebrates in the cervico- 
cephalic region behind the last visceral arch. 

5. The posterior or yenous end of the single cardinc tube receives 
the blood from the body through the omphalomesenteric veins; the 
anterior or arterial end gives off the blood to the body through the 
truncus arteriosus, 

6, In the amniotic Vertebrates the single cardiac sac is converted 
by = series of metamorphoses—(1) by floxures, constrictions, and 
changes of position, and (2) by the formation of partitions inside of 
it—into a heart composed of two ventricles and two atria. 

7. The straight sac assumes the form of a letter S. 

8. The venous portion of the S comes to lio more dorsal, the 
arterial more ventral; the two are marked off from each other by a 
constriction, the auricular canal, and are now to be distinguished 
as atrium and ventricle, 

9. The venous portion or the atrium forms lateral evaginations, 
the auricles of the heart, which surround from behind the truncus 
arteriosus, 

10, The formation of partitions, by which atrium, vontriclo, and 
trancus arteriosus are divided into right and left halves, begins at 
three different places, 

(a) First of all, the atrium is divided by an atrial partition into 
a right and a left half; but the separation is incomplete, 
since there exists a passage in the partition, the foramen 
ovale, which remains open up to the time of birth. 

(b) By its downward growth the atrial partition reaches the 
auricular canal (septum intermedium of Hrs) and divides 
the opening in it into a right and left ostium atrioven- 
triculare. 

(c) ‘The ventricle is divided into right and left halves by a 
partition (septum ventriculi) beginning at the apox of 
the heart; the division is also Sih externally by the 
sulous interventricularis, 
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19, The umbilical arteries give off the iliac interna to the cavity 
of the pelvis, the iliaes externa to the lower limbs. 

20. After birth the umbilical artery degenerates into the ligamen- 
tum vesioo-umbilicale laterale, with the exception of its proximal part, 
which persists as the iliaca communis, 


Development of the Chief Venous Trunks, 


21, With the exception of the inferior vena cava, all venous trunks 
are established in pairs, 

22, The two jugulars collect the blood from the head, the two 
cardinals from the trunk, but especially’from the primitivo kidneys, 

23, The jugular and cardinal veins of either side unite to form the 
Cuvierian ducts, which pass transversely from the lateral wall of the 
trunk to the posterior end of the heart, imbedded in a transverse fold 
of the front wall of the trunk, the septum transyersum. 

24, The two vitellino veins collect the blood from tho yolk-sne ; 
from the navel onward they run in the ventral mosentery to the 
septum transversum. 

25, The two umbilical veins collect the blood from the placenta ; 
from the attachment of the umbilical cord they run at first in the 
abdominal wall to the transverse septum. 

26. In the septum transversum the Ouvierian ducts and the 
vitelline and umbilical veins unite to form the sinus reuniens, which 
subsequently disappears as an independent structure and is in- 
corporated in the atrium, 

27. ‘The cardinal veins diminish in importance (1) in consequence 
of the degeneration of the primitive kidneys, and (2) from the fact 
that the blood from the lower half of the body is conveyed back to 
the heart by the inferior vena cava. 

28, ‘The upper part of the inferior vena cava arises as an unpaired, 
independent vessel between the two cardinal veins, and then, at the 
place where the renal veins empty in, unites with the right cardinal 
vein, The latter is in this way converted into the lower portion of 
the inferior cava. 

29, The Cuvierian ducts with the beginning of the jugular veins 
are designated as the venss eaves superiores, 

30, An asymmetry in the embryonic venous trunks, which are 
established in pairs, ix brought about by the fact that the two 
superior venw cave, and also at their middle the remnants of the 
two cardinal veins, ane joined together by transverse trunks. 
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39. The thoracic cavities have for a time the form of tubular spaces 
lying on the dorsal side of the heart and on either side of the spinal 
column ; they receive the developing lungs, and still communicate 
caudad with the abdominal cavity, 

40. The two thoracic cavities are separated from the abdominal 
cavity by the fusion of the dorsal rim of the septum transversum 
with peritoneal folds of the dorsal wall of the trunk (the pillars of 
Usxow). 

41, The diaphragm is composed of two parts, the ventral septum 
transversum, and a dorsal part, the pillars, 

42, Upon its first establishment the liver grows into the septum 
transversum, but subsequently detaches itself from the latter and 
remains united to the diaphragm by means of its peritoneal covering 
only, the coronal ligament, 


II. The Development of the Skeleton. 


With the exception of the chorda dorsalis, which takes its origin 
from the inner germ-layer, the skeleton of Vertebrates is a product 
of the intermediate layer, resulting from a series of histological 
differentiations, a general survey of which has already (p. 540) boen 
given. There have appeared many articles treating on this very 
complicated apparatus in the higher Vertebrates from a develop- 
mental and also especially from a comparative-anatomical standpoint, 
By an exhaustive treatment of this subject this part of the work 
would attain to greater proportions than the plan of the present text- 
book permits. I shall therefore limit myself to the more important 
conditions of organisation and for what ‘remains refer to the text- 
books of comparative anatomy. 

‘Two chief parts are distinguishable in the skeleton of Vertebrates : 
(1) the axial skeleton, which is in turn divisible into that of the 
trunk and that of the head, and (2) the skeleton of the limba. 
The former is the older and more primitive, being possessed by all 
Vertebrates; the Intter has boen developed later, and is entirely 
wanting in the lowar groups (Amphioxus, Cyclostomes). 


A. The Developwvent of the Awial Skeleton. 


The original foundation of the axial skeleton of all Vertebrates 
is the notochord or chorda dorsalis. By this is understood a 
flexible, rod-like structure, which is situated in the axis of the body 

38 
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below the neural tube and above the intestine and worta, Tt reaches 
from the front end of the base of the mid-brain to the end of the tail. 


For a timo after its establishment the front end of the oberta remains in 


Physial pocket, a slight depression in the epithelial lining of the 
BEESSRL'S pocket or the palatal pocket of SELENKA, OF acai 
after the rupture of the pharyngeal membrane that the chorda 
detached from the intestinal 
minates free in the mesenchyma, often with a 
hook-like end (Kerman, Kaxx, Cantus), 


whole of the soft body; in the lower Ver- 
tebrates (Cyclostomes, Fishes, Amphibia) it 
exists even in the adult animals as a more 
or less important organ ; but in the Amniota 
it is reduced almost to obliteration, and only 
in the earliest stages of development plays 
n role ox the forerunner, as it were, of 

higher form of axial skeleton which finally 
takes its place. While reference is made 
to previous portions of the text-book for in- 
formation about the first development of the 
chords, its further metamorphosis may be 
treated of here more at length, "This varie 
according as the chorda becomes a really 


functional organ or soon begins to degene~ 


rate. 

In the first instance, when the band of chordal cells has been 
constricted off from the inner germ-layer, it becomes more sharply 
limited at its periphery by the secretion of 0 hem ee 
envelope, the sheath of the chorda (fig. 324 cs). Then 
increase in size by the accumulation of fluid within their 0} 
ae easly ees in the form of a thin superficial layer 

enveloped in firm membranes, thus acquiring 
re spar pie cells, 
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Immediately after its formation the chorda is in contact above 
with the neural tube, below with the entoderm, and laterally 
with the primitive segments. This relation is altered as soon as 
the intermediate layer makes its appearance between the first 
embryonic fundaments. Then a layer of cells grows around the 
chorda (fig. 262), spreads itsalf out from here around the neural tube. 
above, and furnishes the foundation from which are developed the 
segmented vertebral column and in front, in the region of the five 
brain-vesicles, the cranial capsule; it has therefore received the 
name of membranous vertebral columm and of membranous cranial 
capsule (membranous primordial cranium) ; it is also appropriately 
designated as skeletogenous layer, the envelope which invests the 
chorda being called the skeletogenous sheath of the chorda. 
(Compare p. 172 for an account of the firat formation of it.) 

The mesenchyme also spreads ont laterally in the embryo, pene- 
trates into the spaces between primitive segments, and is converted 
into thin plates of connective tissue (ligamenta intermuscularia), by 
means of which the musculature of the trunk is parted into separate 
muscle segments (myomeres). The muscle-fibres find attachment 
and support apon both the anterior and posterior faces of these 
plates. 

Such a condition is permanently preserved in Amphiexus lanceo- 
latus. Tho chonda, with its sheath, is the only firm skeletal structure. | 
Fibrous connective tissue (membranous vertebral column) envelops 
it and the neural tube, and sonds out into the musculature of the 
trunk the intermuscular ligaments. 

When the originally membranous tissue surrounding the chorda 
and neural tube is followed in its further development in the 
embryos of the higher Vertebrates, it is to be seen that it succes- 
sively undergoes two metamorphoses: that at first it is partially 
chondrified, and that subsequently the cartilaginous pieces are 
converted into osseous tissue; or, in other words, the first-establiched 
membranous vertebral column ig soon converted into a cartilaginous, 
and this in turn ie replaced by a bony one, and in the same manner 
the membranous primordial cranium is transformed into a cartila- 
ginous, and this in turn into a bony cranial capsule. 

The threo stages which succeed ono another in the development 
of the higher Vertebrates are also encountered in a comparative- 
anatomical investigation of the axial skeleton in the series of 
Vertebrates, and in such manner that the condition, which in 
many clusses appears only asa transitory embryonic one, is retained 
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permanently in the lower classes. As Amphioxus possesses a 
membranous axial skeleton, so the Selachians and certain of the 
Ganoids are representatives of the stage with cartilaginous vertebral 
column. The third stage in the evolution of the axial skeleton is 
more or less completely attained by all the higher Vertebrates. 
This, again, is a very instructive example—of which the embryology 
of the skeleton presents many others—of the parallelism which exists 
between the development of the individual and that of the race; it 
teaches how embryological and comparative-ana~ 
tomical investigations are mutually complemeutal. 
In the detailed description of the conditions 
which are observed in the development of the 
cartilaginous and bony axial skeleton, I shall limit 
Sinan aus Solves sks Cae 
differences exist between the posterior region, 
which encloses the spinal cord, and the anterior, 
which envelops the vesicles of the brain, I shall 
treat of them separately, 


(a) Development of the Vertebral Column, 


‘The process of chondrification commences in 

Man at the beginning of the second month. At 

certain places in the tissue enveloping the chorda 

the cells secrete between themselves a cartilaginous 

matrix, and move farther apart, whereas at other 

intervening and narrower tracts the character of 

the tissue is not altered (fig. 325). In this manner 

the skeletogenous layer is differentiated into nu- 

merous vertebral bodies (v), which in longitudinal sections are the 

more translucent, and into the intervertebral dises (ligamenta 
coe Sea) dee net them (i). 


as follows: there arise on both sides of the chorda 
whi i are united on the ventral side of i by a thinker 


c horefore suffers a spp obliteration, The | ‘pats 
enclosed in the bodies of the vertebre are restricted in their growt 
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whereas the shorter portions lying in the soft intervertebral discs 
continue to enlarge (fig. $25 eh). Thus the chorda now acquires the 
appearance of a string of beads, since thickened sphervidal portions 
are joined to one another by small connecting thread-like portions. 
Subsequently it entirely disappoars in the bodies of the vertebrae, 
especially when the latter begin to ossify (fig. 326); the intervertebral 
portion (/é) alone persists, although indistinctly limited from the 





‘Fig. $20 —Longitudinal (sagittal) section through the intervertebral ligament and the adjacent 
parts of two vertebrae from the thorasie region of an advanced embeye Sheep, afier KiLtA<Fi. 

fa, Ligament longitudinale anterias ; ip, tg. long, posterius ; #h, big. inteevortebrale ; &, &, car= 
Lilaginous capa (epiptywed) of the verter; w and w', anterior and posterior vertebew ; 
¢, Intervertebral, ¢ and <*, vertebral enlargements of the choria. 


surrounding tissue, and produces by the proliferation of its cells the 
gelatinous core of the intervertebral disc. 

Soon after the appearance of the bodies of the vertebrw the funda- 
ments of the corresponding arches are observable. According to 
Fronier's account, there arise small, independent pieces of cartilage 
in the membrane enveloping the spinal cord, in the immediate 
vicinity of the bodies of the vertebre, with which they soon fuse. 
Their growth is rather slow. During the eighth week they atill 
appear in Man as short processes from the bodies of the vertebre:, 
eo that the spinal cord is still covered dorsally by the membranous 
skeleton. In the third month they grow into contact with each 
other at the dorsum; however, it is only in the following month 





that a complete fusion takes place, and that cartilaginous neural 
spines are formed. The part of the membrane which lies between 
the cartilaginous arches furnishes tho ligamentous apparatus. 

Tn the process of chondrification the nascent bodies of the vertebra: 
have a fixed position relative to the primitive or muscle-segments ; 
it is such that on either side of the body they are adjacent to two 
of the latter, one half to a preceding segment, the other half to a 
following one; or, in other words, the bovlies of the vertebra and the 
musele-segments do not coincide, but in their positions alternate with 
each other, 

The necessity of such an arrangement follows from the very 
function which vertebral column and musculature together have to 
fulfil, The axial skeleton must possess two opposite properties 
united: it must be firm, but also flexible—firm, in order to serve as 
a support for the trunk; flexible, so as not to impede the motions of 
the latter. Since a continuous cartilaginous rod would not have 
possesed sufficient flexibility, the process of chondrification could not 
take place throughout the whole extent of the skeletogenous layer, 
but there must be left more elastic tracts, which allow a movement 
of the cartilaginous pieces on one another, Buta movement of the 
cartilaginous pieces would obviously be impossible if they should He 
so that the muscle fibres had their origin and insertion on one and 
the same vertebral element, In order that the fibres of a muscle- 
segment may operate upon two vertebrie, the muscular and vertebral 
segments must alternate in position. 

‘This process, which fo enslly intelligible 1 tha wey te wtieele pam 
‘been outlined, has given occasion for the assumption of a “ reseg~ 
mentation of the vertebral column.” This conception originated with 
Reaax, and since then has been for a long time tenaciously held to 
in the literature, 

Remax, like other embryologists before him (Bare), perceived in. 
the primitive segments of the Chick the matorial for the establishment 
of the vertebral column, and therefore gave them the name “ proto- 
vertebre."” But inasmuch as he found that the cartilaginous vertebrae 
did not afterwards correspond in position with the protovertebrm, he: 
announced the proposition that a new “ segmentation of the vertebral: 
column takes place, from which arise the secondary, permanent bodies 
of the vertebrae,” 

Both the name “ protovertebra” and tho assumption of a 
mentation of the vertebral column should be dropped, and 
following reasons :— 
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‘The signification of the primitive segments consists, if nob exelu- 
sively, at least principally, in'this, that they are the fundaments of 
vhe musculature of the body. But in the arrangement of the muscu- 
lature ia expressed the original and oldest segmentation of the vertebrate 
body. It is present even in Amphioxus and the Cyclostomes. The 
segmentation of the vertebral column, on the contrary, was acquired 
much later, and has resultel, as was explained above, from a necessary 
dependence om the segmentation of the musculature, A primary 
segmentation of the vertebral column as understood by Remax and 
his followers has never existed, for the cartilaginous vertebra are 
formed from an wneegmented mass of tissue enveloping the chorda— 
from the skeletogenous layer. One cannot speak of a segmentation 
of the vertebral column until the beginning of the process of chon- 
drifieation, by reason of which alone it became necessary. 

Evon before the cartilaginous vertebral column has been completely 
established, it enters in Mammals upon the third atage, which begins 
in Man at the ond of the second month. 

The ossification of every cartilage takes place in the main in a 
corresponding, typical manner. Blood-vessels at one or several 
places grow from the surface into its interior, dissolve the matrix of 
the cartilage of a limited region, so that there arises a small cavity 
filled with vascular capillaries and marrow-cells. In the vicinity of 
this salts of lime are deposited in the cartilage. By a portion of the 
proliferated medullary cells, which become osteoblasts, bone substance 
is then secreted (fig. 326 w). In this manner there arises in the 
inidst of the cartilaginous tissue a so-called bone nucleus or centre of 
ossification, around which the destruction of the cartilage and its 
replacement by osseous tissue advance further and farther, 

The places where the separate bone nuclei are formed, as well as their 
mumber, are tolerably uniform for the different cartilages. 

Tn general the ossification of each vertebra proceeds from three 
points. At first a centre of ossification is established in the base of 
each half of the vertebral arch, to which there is added somewhat 
later « third centre in the middle of the body of the vertebra. In 
the fifth month the ossification has advanced up to the surface of 
the cartilage. Each vertebra is now distinctly composed of three 
pieces of bone, which for a long time continue to be joined to one 
another by bridges of cartilage at the base of each half of the arch 
and at the union of the latter with the vertebral spines, The last 
remnants of cartilage do not ossify until after birth, During the 
first year with the development of a bony spinous process the halves 


of the arch are fused. Each vertebra is then separable after 
destruction of the soft parts into two pieces, into the body and the 
arch. ‘Those aro united between the third and eighth years. 

Tn addition to the pieces of bone jast describod, accessory centres of carification 
appear on the verteboe in subsequent years; it is in this way that there arise 
the epiphysial plates at the end-surfaces of the body and the small bony pleces 
at the ends of the vertebral processes (the spinous processes and the transverse 
processes), ScHwEORL gives detailed Information concerning the time of their 
appearance and thelr fasion. 

Cartilaginous skelotal parts, which serve for the support of the 
lateral and ventral walls of the body, the rihe and the breast bone, 
contribute to the completion of the axial skeleton. 

‘The ribs are developed independently of the vertebral column, in 
Man during the second month, by the chondrification of strips of 
tissue in the intermuscular ligaments between the successive muscle- 
segments. They aro at first visible as small bent rods in the imme- 
diate vicinity of the body of the vertebra, and from here they rapidly 
extend ventrally. 

In early stages of development ribs are established from the first 
to the last segment of the vertebral column (the coccyx in Man 
excepted), but only in the case of the lower Vertebrates (Fishes, 
many Amphibia, and Reptiles) are they developed into large bows 
supporting the wall of the trunk in a uniform manner in all regions, 
whereas in Mammals and in Man they exhibit in the separate 
of the vertebral column different conditions. In the neck, lumbar 
and sacral regions, they appear from the beginning in « 
fsultgn oly, wad under snlamicp line 2 Pao It 

is exclusively in the thoracic region that they attain important 
dimensions, and here at the same time they give rise to a new skelotal 
part—the breast bone, or sternum. 

The sternum, which is wanting in Fishes and Dipnoi, but is presont 

iles, Birds, and Mammals, is a formation derived 
From the thoracie ribs, and is originally established, as Ratuxe wns the 
structure, which early fuses into an 


development of the sternum in Man in a 
has found that in embryos $ em. long the 
have become prolonged into the ventral 
roadening of their onds have united 
‘median plane toform a cartilaginous band, — 


following ribs end free and at a greater distat 
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the median plane, The two sternal bars are separated from each 
other by membranous tissue; later they approach each other in the 
merlian plane, and commencing in front, begin to fuse together into 
an unpaired piece, from which the individual ribs which gave rise to 
them are afterwards separated by the formation of joints. 

The paired origin of the sternum serves to explain some of its 
abnormalities, For example, in the adult there is sometimes seen 
a fissure, which, although closed by connective tissue, passes quite 
through the sternum (fissura sterni), or a few larger or smaller gaps 
ave found in the body and xyphoid process of the sternum. All 
these abnormal cases are explained by the complete or partial failure 
of the two sternal bars to fuse in the 
usual way during embryonic life. 

The ossification of ribs and sternum 
is in part accomplished by the develop- 
ment of special centres of ossification, 
that of the ribs beginning as early as 
the second month, the sternum some- 
what late, in the sixth fatal month, 


Each rib contains at first one centre of 
ossification, through the enlargement of 
which the bony part is formed, while next 
to the sternum a portion remains cartila- 
ginous throughout life. In the eighth to 
the fourteenth year there appear in the 
éapitulam and tuberculam of the rib, ac~ 
cording to SchweerL and KOunikmR, ac- fleation (#4), from « child two 
cossory centres, which fuse with the main years 
piece between the fourteenth and the twenty- Cartilage; 2b, contees of omiticar 
fifth your. tion ; ech, xyphold proce. 

‘The sternum (6g. 327) casifles from nu- 
merous centres, of which one arises in the manubrium, and from six to twelve 
in its body. Between the sixth and twelfth years the latter begin to fuse 
together into the three or four large pieces of which the body of the sternum 
is composed. The xyphoid process remains partly cartilaginous, but acquires 
a centre of ossification during childhood, 

Regarding the episternal pieors which appear on the manubrium, the text 
books of comparative anatomy and the article by RuGx should be consulted. 


‘Through inequalities in the development of the separate vertebral 
and costal fundaments and through the fusions which take place here 
and there are produced the different regions of the skeleton of the 
trunk: the cervical, dorsal, and lumbar regions of the vertebral 
column, the sacrum and coccyx, A correct understanding of these 
skeletal parts is to be acquired only through embryology. 
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‘The rudimentary fundaments of the cervical ribs at their first 
Appoarance fuse with the cervical vertebrer, at ono ond with the body of 
the vertebra, at the other with an outgrowth of the neural arch, 
and with tho latter onclose an opening through which the vertebral 
process of the cervical vertebra is therefore a compound structure, 
and were better designated lateral process, for the bony rod that liek 
dorsad of the foramen transversum is formed by an outgrowth from 
the vertebra and alone corresponds to the transverse process of a 
dorsal vertebra ; the ventral rod, on the contrary, is a rudimentary 
rib, which possesses in fact a separate centre of ossification. 

The fundament of the rib of the seventh cervical vertebra occa- 
sionally attains greater size, does not fase with the vertebra—which 
consequently does not possess any foramen transversariam—and is 
deseribed under the abnormalities of the skeleton ns free cervical rib. 
Its presence is explained therefore ms being the result of a more volu- 
minous development of a part which in all cases exists as a fundament. 

‘The transverse process of the lumbar vertebra is also better 
as lateral process, because it encloses the rudiment of a rib. This ex- 
plains the phenomenon of « thirteenth or small lumbar rib occasion- 
ally observed in Man. 

‘The sacral region is tho one that is most modified. A large number 
of vortebrw in this region by becoming firmly united with the pelvic 
girdle have lost the power of moving on one another, and are fused 
together into a large bone; the sacrum, This consists in haman 
embryos of five separate cartilaginous vertebre, the first three of 
which especially are characterised by vory broad, well-developed 
lateral processes, 

I say Interal processes because comparative-anatomical grounds: 
and embryological evidence both indicate that there are included in 
them rudimentary sacral ribs, such as in lower Vertebrates make their 
appearance as independent structures, On the 

the method of their ossification favors this view, for each sacral 
vertebra undergoes ossification from five centres To the three 
typical centres, those of the body and the neural arches, are added 
in the lateral processes: lange. beine-nicel sores) Teas 
parable with the centres of ossification of @ rib, odu 
well-knowi taal wen of the wel ae 
beor the articular surfaces for union with the iliam. 

‘Tho fusion of the five bony pieces of « sacral bi 
separated by stripe of cartilage, takes place later than in 
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of the vertebral column, namely, between the second and the sixth 
year after birth. For a long time the five sacral vertebre: remain 
separated from one another by their intervertebral discs, which 
begin to ossify in the eighteenth year; the process has usually como 
to an end by the twenty-fifth year, 

Behind the sacrum there follow four or five radimentary coccygeal 
vertebre, which represent the caudal skeleton of Mammals and do 
not acquire centres of ossification until very late. In the thirtieth 
year or later they may fuse with one another, and somotimes with 
the sacrum. 

Adas and epistropheus (axis) now demand special mention. These 
vertebree acquire their peculiarities of form by an early fusion of the 
cartilaginous body of the atlas (fig. 328a) with the epistropheus (¢) 
to form the odontoid process of the latter. The one therefore 
contains lees, the other mors than a normally developed vertebra. 

That the odontoid process is the real body of 
the atlas is recognisable even later by means of 
two facts, First, like every other vertebral « 
body, it is traversed, as long as it remains 7 
cartilaginous, by the chorda, which at the tip 
‘of the process is continued into the ligamentum ‘through the body and 
suspensoriom and from this into the base of the 
cranium. Secondly, it acquires in the fifth ts mann two cen- 
month of development a separate centre of 
ossification (fig. 328 a), which is not com- 
pletely fused with the body of the epistropheus until the seventh 
year, 

‘The neural arches of the atlas, which have remained independent, 
are joined together on the ventral side of the odontoid process by a 
tract of tissue in which an independent piece of cartilage is formed 
(hypochordal cartilage-rod of Frontee)—a structure which, according 
to Frontee, is present in every vertebra in the case of Birds. This 
Piece of cartilage develops in the first year after birth a special centre 
of ossification, fuses between the fifth and the sixth year with the 
lateral halves, and constitutes the anterior [ventral] arch (KOLiKER), 


and @) are to be seen. 


(d) Development of the Head-Skeleton. 


From its position the skeleton of the head appears ax the most 
anterior part of the axial skeleton, but it is on the whole very unlike 
the posterior part,—the vertebral column,—bocauso it ix adapted to 


peculiar purposes. For in the morphological plan of Vertebrates the 
head takes, in comparison with the trank, a pretminent position ; it 


minous brain, with its dissimilar regions, In its immediate vicinity 
have arisen complicated sensory organs such as nose, eye, and ear. 
Likowise the part of the digestive tube enclosed within the head bears 
in many ways its peculiar stamp, since it contains the mouth 

and is provided with organs for the reception and trituration of the 


of the cephalic skeleton of Vertebrates; it shows the relations to 
one another of widely different lower and higher forms, and also 
answers the question, What relation do the vertebral column and 


always attracted morphologists, and which has incited to careful. 
investigation. 

During the account some comparative-anatomical digressions will 
be made, which will contribute to the better comprehension of 
certain facts, especially those treated of in the final section, in 
which the vertebral theory of tho skull will be briefly discussed. 

As in the case of the vertebral column, there are to be distin- 
guished three stages of development according to the histological 
character of the sustentative mabstanee? a membranous, a carti- 
laginous, 
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becomes the foundation of the cranial capsule, and has received the 
name of membranous primordial cranium. 

‘Thus far there is an agreement in tho development of the 
vertebral column and of the cranium. With the beginning of 
the process of chondrification the conditions become more peculiar. 
Whereas in the region of the spinal cord the skeletogenous layer 
undergoes a regular differentiation into cartilaginous and connective- 
tissue parts—into vertebra: and vertebral ligaments—and is thereby 
divided into successive movable segments, such a segmentation docs 
not take place in the head. 

The layer of tissue called membranous primordial cranium undergoes 
continuous chondrification into @ non-articulate capsule eneeloping the 
brain-vesicles, If wo go through the whole series of Vertebrates 
down to the lowest, in no one of them is there exhibited a separation 
into movable segments corresponding to vertebrm. Thergfore the 
anterior part and the remaining part of the axial skeleton pursue from 
an early period different directions in their development, 

‘The contrast is intelligible in view of the different duties to be 
fulfilled in the two regions, and especially in consideration of the 
different influences which the action of the muscles exercises upon 
tho form of the skeleton, 

In water-inhabiting animals the trunk-musculature is the most 
important organ of locomotion, for it bends the trunk now in this 
direction, now in that, and thereby propels it forwards through the 
water, If, howover, the head region were likewise flexible and 
movable, it would be disadvantageous for forward motion, inasmuch 
as a rigid part operates as a cut-water, Moreover, the musculature 
developed on the head assumes a different function, inasmuch as in 
the grasping of food and in the process of respiration—which is 
accompanied by an enlargement and reduction of the respiratory 
tract of the alimentary tube—it now adducts and then abducts the 
ventrally situated parts of the axial skeleton. Besides, it is advan- 
tageous here to have the skeletal axis present firm points of 
attachment for the muscles. Finally, the voluminous development 
of the brain and the higher sensory organs is likewise a participating 
influence tending to make the part of the bead that serves for thoir 
reception an inflexible region. 

In view of these various factors working in the same direction, it 
becomes intelligible that tn the head a segmentation of the avial skeleton 
is wanting from the beginning. 

In other respects there prevails a great agreement with the 
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vertebral column, especially in the manner in which the motamor 
phosis into cartilaginous tissue takes place in the membranous 
primordial cranium. In both the chondrification first begins at the 
surface of the chorda dorsalis (fig. 329 4). 

As a foundation for the base of the skull there arise two pairs of 
elongated cartilages: behind, on cither sido of the chorda, the two 
porachordal cartilages (PE); in front, the two trabeculae eranii (Tir) 
of Ratnxe, which begin at the tip of the chorda and from there 
run forward beneath the between- and tho fore-brain, 


‘thmold plato enclosing the nasal organ Ot, foraaina elfactera for tbe paamge ot te 
olfactory + PP, post-orbital proces; SA soasal pit “acdc ople eat hers 


‘The four pieces soon fuse with one another (fig. 329 B). The two 
parachordal elements grow around the chorda, first below, then above, 
thus enveloping it and producing the basilar plate (B). Its anterior 

4 far up into the angle of the flexure between 
in and corresponds to the future dorsum sella. 
@ cranit (7') spread out nt their anterior ends, which 
fused to constitute the ethmoid plate (5), the foundation 
anterior portion of the cranium, which acquires its 
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which corresponds to the sella turcica, and has boon caused by the 
formation of the hypophysial pocket from the oral sinus and by its 
growing through the membranous basis of the cranium toward the 
infundibulum of the brain. Rather late there is also formod, as the 
floor of the sella tureica, beneath the hypophysis, a thin cartilaginous 
plate, which is pierced only by the holes for the internal carotids. 

After the base of the cranium has beon developed, the process of 
chondrification involves the side walls and at last the roof of the 
membranous primordial cranium, precisely as the halves of the 
neural arch grow out from the body of the vertebra and finally 
terminate in the dorsal spine. 

Tn this manner there is developed around the brain in the case of 
the lower Vertebrates, in which the axial skeleton remains in the 
cartilaginous condition throughout life (fig. 330), a closed, tolerably 
thick-walled capsule, the cartilaginous primordial cranium, 

In the higher Vertebrates, in which to a greater or less degree 
processes of ossification occur later, the primordial cranium attains a 
less complete development, as is shown by the fact that its walls 
remain thinner, and indeed acquire at some places openings, which 
are closed by connective-tissue membranes, In Mammals the latter 
condition oceurs very extensively in the roof of the skull, which 
becomes cartilaginous only around the foramen magnum, whereas in 
the region in which afterwards the frontal and parietal bones are 
Jocated the cranium remains membranous The cartilage attains a 
greater thickness only at the base of the cranium and in the regions 
of the olfactory organ and the membranous labyrinth, where it gives 
rise to the nasal and ear capsules. 

For the sake of better orientation, it is useful to distinguish in the 
primordial cranium different regions. There are two different prin- 
ciples of division that may be employed in this connection. 

Following Groxxnavr, one can divide the primordial cranium, in 
accordance with its relation to the chorda dorsulis, into a posterior 
and an anterior portion. 

‘The posterior region reaches up to the dorsum sillm and encloses in 
its basal portion the chorda, which in Man enters into it from the 
odontoid process through the ligamentum suspensorium dentia. ‘The 
anterior portion is developed in front of the pointed end of the 
chorda ont of Raruse’s cranial trabecule. Gnoxssaur designates 
tho two as vertebral and evertebral regions (for which Kétumer 
employs the names chordal and preckordal); he shows that the 
vertebra! region must be, on account of its relation to the chords, the 
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older part and alone comparable with the remainder of the axial 
skeleton, that the non-vertebral part,on the contrary, is a later acquisi- 
tion and constitutes a new structure, which has been caused by the 
forward extension of the fore-brain vesicle and by the development 
of the organ of smell, to tho enclosing of which (nasal capsule) it 
contributes. 

‘The second method of division is based upon the different appear- 
ance which the individual regions of the primordial cranium acquire 
through their relations to the sense organs, The anterior end of 


x a Tr Ler wm me x 
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vt, Famine lateralis of the 


s capsule (fig. 330) receives the organ of smell; a 
depressions for the eyeballs; in a thind 
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arisen in the walls of the trunk in the region of the vertebral 
column. Together they constitute a skeletal apparatus which ander- 
goes in the series of Vertebrates very profound and interesting 
metamorphoses. Whereas it attains in the lower Vertebrates a 
great development, it becomes in part rudimentary in Reptiles, Birds, 
and Mammals, The part, however, which remains furnishes the 
foundation for the facial skeleton, I begin with a short sketch of 
the original conditions in the lower Vertebrates, expecially in the 
Selachians. 

Ax has been described in @ previous chapter, the lateral walls of 
the head-gut are traversed by the visceral clefts, of which there are 
ordinarily as many as six in Sharks (fig. $51). The bands of sub- 
stance intervening between 
the clefts are called the 
membranous throat. or 
visceral arches, They con- 
sist of a connoctive-tissne 
foundation invested with 
epithelium, of transversely 
striped musele-fibres, and Als 
of the visceralarch blood- 
vesacls (6e0 p. 571). nae "yeu raptenun teraye ee 
much as they have different 
functions to fulfil, and con- 
sequently acquire different 
forms, they are distin- 
guished as jaw-, Ayoid, and 
branchial arches, The most 
anterior of them is the jaw-arch, which serves to bound the oral 
opening. Following this, and separated from it by only a radi- 
mentary visceral cleft, the spiracle, is the lyoid arch, which is 
connected with the origin of the tongue. Ordinarily this is followed 
by five branchial arches. 

At tho time when the membranous primordial cranium is con- 
verted into cartilage, chondrification also takes place in the con- 
nective tissue of the membranous visceral arches, thus producing the 
cartilaginous visceral arches (fig. 331), These exhibit a regular 
segmentation into several pieces, placed end to end and articulated 
with one another by connective tissue. 

Tho jaw-arch is divided on either side into a cartilaginous palato- 
quadratum (fig. $30 0) and a lower jaw (mandibulare), These 

39 








cerebral hemispheres; fing, fromtowasal 
proce, 


by means of a mass of tense connective tissue. 
visceral arches, on the contrary, are alike in having 


widely separated from each other, because the 
process, in the form of a broad, rounded projection, is at first 
inserted from above between them. Afterwards this projection 
becomes divided by the development, on its rounded surface, of the 
two nasal pits with the nasal grooves lending down to the upper 
margin of the mouth (compare p. 513); it is then divided into the 
outer and inner nasal processes. The former are separated from the 
maxillary process by a groove, which runs from the eye to the nasal 
furrow, and is the first fundament of the lachrymal duct. 

Behind the first visceral arch comes the hyoid arch (figs. 157, 158 
Ripeeeitmadaarda 
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upper boundary to the mouth. In this way each olfactory pit with 
its nasal groove is converted into a canal, which leads into the 
oral cavity through an innor opening close behind the margin of 
the upper jaw. The 
membranous margins 
of the upper and 
lower jaws also lose 
their superficial posi- 
tions, because the 
skin that covers them 
is raised up into ex- 
ternally — projecting 
folds, and forms the 
lips, which from this 
time forward consti- 
tute the boundary of | $52.—Root of the oral 

the oral opening. 71 diane ot fe pica pisteoen sf Dagoaed 

A third stage, with  “**#erm 
the derelopment of the palate, practically completes the formation of 
the face. (Compare pp. 515-17.) From the membranous upper jaw 
there arise two ridges projecting into the mouth-cavity (fig. 290); 
these become enlarged into the palatal plates, which grow horizontally. 

‘The plates meet in the median plane and fuse with each other and 
with the median part of the frontal process, which has meantime 
become reduced by the enlargement of the olfactory organ to the thin 
nasal soptum. Thus there is cut off from the primary oral cavity 
4n upper chamber, which contributes to the enlargement of the nasal 
cavity, and which opens into the pharynx through the posterior 
nares; at the same time [as the result of this growth] there has 
arisen a new roof of the mouth-cavity,—the palate,—which is after- 
wards differentiated into hard and soft palate. 

A further differentiation of the face, which is now in the mem- 
branous stage of development, is brought about by the process of 
chondrification. This produces, however, in Mammals, as compared 
with Selachians, only small and unimportant skeletal structures. 
Some of these structures undergo degeneration (Muckxu’s cartilage), 
some are utilised as auditory ossicles in the function of hearing, and 
others are united to form the fandament of the hyoid bone. They 
arise from tho soft tissue of the first, second, and third visceral 
arches ; in the case of the fourth and fifth arches there is not even 
a process of chondrification in Mammals, so that with the closure of 
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cartilaginons bridge, upon which the long process (pr. gracilis) of 
the malleus is afterwards developed by periosteal ossification. The 
second visceral arch (25) becomes incorporated in the hycid bons, 

Inu human embryo of the fifth month one observes structures 
similar to those just described, only somewhat further developed 
Figure 335 exhibits the incus (am), easily recognised by its form, 
lying on the wall of the labyrinth; with it is articulated the malleus 
(ha), the long process of which is continuous with Mecxev's cartilage 
(4fK). This extends ventrally as far as the median line, where it 
is united with the cartilage of the opposite side by means of con- 
nective tissue—a kind of symphysis. 

‘The second visceral cartilage, called also Retcuent's cartilage, has 
become divided into three portions. The uppermost portion is fused 
with the labyrinth-region—the petrous portion of the temporal bone 
—and constitutes the fundament of the processus styloideus (gr/') ; 
the middle portion has become fibrous tissue in Man, and forms 
x strong ligament, the lig. stylohyoideum (/sth), whereas in many 
Mammals it becomes a large cartilage ; the third and lowest portion 
produces the lesser cornu (kA) of the hyold bone. This sometimes 
becomes developed to a great length by the chondrification of the 
lower part of the ligamentum stylohyoideum, and reaches up very 
close to the lower end of the stylohyoid process. 

In the third visceral arch chondrification takes place only in the 
ventral tracts, producing upon the sides of the neck the greater cornua + 
of the hyoid bone (gh). Greater and lesser cornua are attached to 
an unpaired median piece of cartilage, which corresponds to a copula 
of the visceral skeleton of Selachians and becomes the body of the 
hyoid bone. 

The third auditory ossicle, the stapes (fig. 335 st), also belongs to 
the visceral apparatus; it has been left unmentioned until now, 
because there is, even at present, a wide difference of opinion con- 
cérning its development. According to the original view of Rercuer, 
which Groxypaur is also inclined to adopt, the stapes arises from 
the uppermost end of the hyoid arch. Kiurtker refers it to the 
first visceral arch. According to Grosen and Panken, on the 
contrary, it arises in connection with the fenestra ovalis, as though 
it were cut directly out of the outer wall of the labyrinth. 

According to the recent investigations of Savensky, Gnapexico, 
and Rast, it appears to me that the stapes has a double origi, 
arising from two different parts. 

The plate of the stapes, which is let into the fenestra ovalis, is 
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differentiated in the manner first emphasised by Gruven and Parker, 
and now again by Graprxrco, out of the cartilaginous capsule of the 
Inbyrinth, Its development therefore agrees with that of the oper- 
culum of the Amphibia, as described by Stéux. The ringlike part 
of the stapes, on the contrary, comes from the upper end of the 
second visceral [hyoid] arch, which lies in contact with the capsule 
of the labyrinth (Gaapestoo, Rast), Its ring-like condition results 


°9 tons wv 

‘ig. 395.—Head and neck of a human ¢mbeyo 18 weeks old with the winceral akelaten exposed, 
after KULUxEn. Magnified. 

‘The lower Jaw is somewhat depressed In onder to show Miecket’s cartilage, which extends to the 
malleus. ‘The tywpanio membrane is removed and the annibus tympanicus is 

be, Malleus, which passes uninterruptedly into Meckes's tines SS ere 
eS a ee eee ee bone | aan, teens 5 
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and on the other reposes with its plate-like bnse in the fenestra 


ovalis. 

The view here adopted—that the stapes belongs to the second, the 
malleus and incus to the first viseeral arch—is supported by the 
important relation of the nerves in their distribution to the musculus 
stapedius and to the tensor tympani, as has recently been rightly 
pointed out by Rant. The muscle of the stapes is supplied from the 
nerce of the second visceral arch, the nereus facialis; it forms part 
of a group embracing the m. stylohyoideus, and the posterior belly 
of the digastric; the muscle of the malleus receives a branch of the 
trigeminus, \ehich ia the nerve of the mandibular arch. 

‘The separation of the territories of innervation prevails, moreover, with the 
muscles of the palate, one of which—the tensor veli palatini—arises iw front 
of the Eustachian tabe—the remnant of the first visceral cleft—and & 
therefore supplied by the n. trigeminus, whereas the levator veli palatini and 
azygos uvulm le behind it, and, because belonging to the hyoid arch, receive 
branches from the n. facialis (RABE). 


At first all the auditory ossicles lie imbedded in a soft gelatinous 
tissue outside the tympanic eavity, which still has the form of a 
narrow fissure. These conditions are not altered until after birth, 
‘Tho tympanic cavity, taking in air, then becomes enlarged, its 
mucous membrane is eévaginated between the auditory ossicles, 
and the gelatinous tissno just mentioned undergoes a process of 
shrinkage. Auditory ossicles and chorda tympani thus come to 
lie apparently free in the tympanic cavity; accurately considered, 
however, they are only crowded out into it, for even in the adult 
they are enclosed in folds of the mucous membrane, and by means 
of these they preserve their original and genetically established 
connection with the wall of the tympanic cavity.—— 

Up to the present stage the construction of the hend-skeleton is, 
on the whole, simple. In the third stage of development, on the 
contrary, upon the beginning of the process of ossification, it attains 
in a short time a high degree of complication, which is effected 
especially by the development of two entirely different kinds of 
bone, one of which has been called primordial bone, the other 
covering bone (Deck- oder Belegknochen). 

Primordial bones are euch ax are developed out of the cartilaginous 
akeleton. Either there arise centres of ossification within the carti- 
Jage after softening and dissolution of its matrix, as was described 
in the ossification of the vertebral column, the ribs, and the sternum, 
or the perichondrium alters its formative activity, and secretes, in 
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In the higher Vertebrates the most of the dermal skeleton has com- 
pletely degenerated, but on the head it ie in large part preserved, 
and furnishes the previously mentioned covering bones, which serve 
to supplement and coniplete the internal akeleton, 

An interesting insight into the original method of the development 
of covering bones can still be acquired in many of the Amphibians 
(fig. 336). For example, the vomer and the palatinum, which are 
covering bones, arise in very young Triton 
larve by the formation of small denticles 
(s') in the mucous membrane of the oral 
vnyity, and by the fusion of their bases to 
form small tooth-bearing plates of bone 
(=, 3) These plates increase in size for 
a time, owing to the establishment in the 
neighboring mucous membrano of addi- yy MSIE 
tional dental spines, which become attached touth-bearing plate of bone 


to their margins; afterwards they often nro mm mucous 


lose the equipmont of denticles, which are teeth tit proces of dlovelop 
which 1 
destroyed by being resorbed. Free peghopeceneer 


Tt may be said that the original process ‘bony plate and contribute to 


in the development of covering bones here =“ ™°""* 


described is abbreviated in most of the Amphibia. For at the places 
in the mucous membrane which the vomer and the palatinam occupy, 
the tips of denticles are not even begun ; but in the layer of tissue 
in which otherwise the bases of the denticles would have boon fused, 
® process of direct ossification takes place. In the same abbreviated 
way the covering bones arise in all Reptiles, Birds, and Mammals. 

‘The skulls of many Amphibia (Frog, Axolot}) likewise afford the 
best explanation of the original relation of the covering bones to the 
primordial skeleton (fig. 337). The covering bones are found to be 
loosely superposed upon the primordial cranium, from whieh they can 
be easily removed, Thus upon the left side of the accompanying 
figure the premaxillaria (Pu), maxillaria (Af), vomer (Vo), palati- 
num (Pal), pterygoid (Pf), and parasphenoid (Ps) have been detached, 
whereas upon the right side they have been retained. After their 
detachment there is left the inner head-skeleton proper—a capsule 
still consisting in great part of the original cartilaginous tissue 
(N, 47, PP, Qu), into which, however, there are introduced at some 
places bony pieces: the occipitalia (Olat), petrosa (Pro), sphenoiden 
[sphenothmoid] (8), ete, 

In the higher Vertebrates, especially in Mammals, the primordial 
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dt may be stated as a general rule that the ossifieations on Ue base 
and sides of the cranium are primordial, but that on the roof and in 
the face covering bones make their appoarance. 

The following parts of the human skull belong to the primordial 
elements: (1) occipitale, except the upper part of the squamous 
portion ; (2) the sphenoidale, except the internal pterygoid plate; 
(3) ethmoidale and turbinatum ; (4) petrosum and mastoid portions 
of the temporale; (5) the auditory osicles—malleus, ineus, and 
stapes; (6) the body of the hyoides, with its greater and lesser 
cornua, 

The following are covering bones: (1) the upper part of the 
squamous portion of the occipitale ; (2) the parietale; (3) the frontale; 
(4) the squamous portion of the temporale ; (5) the internal pterygoid 
plate of the sphenoidale ; (6) the annulus tympanicus ; (7) palatinam ; 
(8) vomer; (9) nasale; (10) lachrymale; (11) zygomaticum ; (12) 
maxillw sup. ; (13) maxille inf. 

Iwill now, after this survey, give a somewhat more detailed account 


of the development of the bones of tho head enumerated above. 


I. Bones of the Cranial Capeule. 


(1) The occipitale is at first a cartilaginous ring surrounding the 
foramen magnum ; it begins to ossify early in the third month at 
four points. One centre of ossification is formed below the foramen, 
another above, and two more at its sides, In this way there arixe 
four bones, which are joined by broader or narrower bands of carti- 
lage, according to the degree of their development. In the lower 
Vertebrates—Fishes, Amphibia (fig. 337 Olat)—they remain in this 
condition as separate bones, and are designated as occipitale basilare, 
oc, supérius, and oc. laterale, 

To these are added in Mammals and Man a covering bone, which 
arises from two centres of ossification in the connective tissue farther 
above the foramen—the interparictale, ‘This begins, even in the third 
fatal month, to fuse with the superior occipital bone to constitute 
the squama ; however, up to the time of birth furrows running in 
from right and from left mark the boundary of the two genetically 
different parts, In the new-born child squama, occipitalia lateralia 
and oc, basilare are still separated from each other by thin remnants 
of cartilage, Then in the first year the squama fuses with tho 
lateral parts (partes condyloides), and finally there is united with 
these, in the third or fourth year, the pars basilarix. The occipitale 
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bones,—sguamia and pars tympanicus,—which are as foreign to the 
primordial cranium as the parietal or frontal bones. Of these the 
pars tympanicus (fig. 335 pr) is at first a narrow bony ring, which 
serves as @ frame for the tympanic membrane. It is developed in 
connective tissue outside of the auditory ossicles, and, in particular, 
outside the mallous (ia) and the connected Mécxer’s cartilage (IX). 
‘Thus is explained the position of the long process of the malleus in 
the fissura petrotympanica, when, soon after birth, the primordial 
and covering bones fuse with each other. For the annulus tym- 
panicus gradually becomes broadened into a bony plate, which serves 
asa support for the external meatus. This plate then fuses with 
the potrosal bone, except along a narrow cleft,—the fissura petro- 
tympanica or Glaseri,—which remains open, because here the chorda 
tympani and the long process of the malleus were in the embryo 
shoved in between the bones, while they were still separate, 

Tn lower Vertebrates, and also in many Mammals, the pieces 
mentioned remain separate, and are distinguished in comparative 
anatomy as 06 petrosum, os tympanicum, and os squamosum. 

(4) The ethmoidale and the turbinatum of the nose are primordial 
bones, which are developed out of the posterior part of the cartila- 
ginous nasal capsule, whereas the anterior part remains cartilaginous 
and becomes the cartilaginous septum nasorum and the external nasal 
cartilages. 

“The ossification begins in the Iamina papyracea in the fifth 
month. Then follows the ossification of the lower and middie 
turbinals, At birth these are united by means of cartilaginous 
portions of the ethmoidale. After birth the vertical plate with the 
crista galli is the first to ossify; then follows the ossification of the 
upper turbinal and of the gradually developed labyrinth, from which 
the ossification advances to the corresponding halves of the cribri- 
form plate. The union of the two lateral halves with the lamina 
perpendicularis does not take place until between the fifth and the 
seventh year.” (Grorxpacn.) 

OF the covering bones of the primordial cranium, which in general 
begin to ossify at the beginning of the third month, the following 
remain separate: the parietale, frontale, nasale, lachrymale, and 
vomer, Of these the frontale is originally, like the others, a paired 
structure, and still continues in this condition into the second year 
after birth, when the closure of the frontal suture begins, Nasale 
and lachrymale are covering bones of the cartilaginous nasal 
capsule, The vomer arises ax a paired structure at the sides of the 
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‘There early grow out from the two superior maxillaries into the 
palatal processes horizontal lamelle which produce the two palatal 
hones—the hard or bony palate, 

Palatals and pterygoids are developed in the roof and side walls of 
the oral cavity; they are consequently mucous-membrane bones. 
The pterygoids apply themselves, as was stated on p, 620, to the 
cartilaginous downgrowths of the greater wings’ of the sphenoid. 
In many Mammals they remain separate from the latter throughout 
life, but in Man they unite with it and are now distinguished as 
inner pterygoid plates from the outer plates, which arise by ossifica~ 
tion of cartilage. 


‘The development of the visceral skeleton, which has been discussed 
here and in previous sections (pp. 284, 515), furnishes the basis for 
the interpretation of the malformations which are quite frequently 
met with in the maxillary and palatal region in Man. I refer to the 
labial, maxillary, and palatal fissures, which are simply malformations 
due to arrested development. They result when the separate fanda- 
ments from which are formed the upper lip, the upper jaw, and the 
palate do not come into normal union (figs. 288-91). 

The malformations of arrested development can present very 
different variations, according as the coalewence is wholly or only 
partly omitted, and according to whether it affects one or both 
sides of the face, 

Tn the case of total arrest, in palatal, maxillary, and labial fissures 
of both sides, both nasal cavities are broadly in communication with 
the oral cavity by means of « right and a left fissure running from 
in front backward, From above there projects free into the oral 
cavity tho nasal septum, which is enlarged in front, and hero bears 
the incompletely developed intermaxillary with its rudimentary 
incisor teeth, In front of it liesasmall dermal ridge, the fundament 
of the middle part of the upper lip. At the sides of the fissures and 
the nasal openings, which have not been closed in below, there lie 
the two separated maxillary processes, with the bony upper jaw and 
the fundaments of the canine and molar teeth, The horizontal 
palatal plates project ax ridges only a little distance into the oral 
cavity, and have not effected a junction. with the nasal septum. A 
malformation of this kind is very instructive for the comprehension 
of the normal processes of development. previously described. 

When the arrest is only partial, coalescence may fail either on the 
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bone, which makes its appearance in the articular part of the 
cartilage and produces the os articulare, is a primary bone. With 
this are associated several covering bones arising in the surrounding 
connective tissue, two of which, the angulare and the dentalo, 
acquire special importance. Both are attached to the outer 
surface of the cartilaginous [Meckelian] rod, the angulare near the 
joint, the dentale in front of it and extending to the symphysis. 


Fig, 098,—Iead and neck of a human embryo 18 weeks old with the visceral skeleton exposed: 
peer KUGLIKER. Magniiied. 

‘The tower jaw Is somewhat depressed in ontor to Low Mack's cartilage, which extends to the 
aliens. ‘The tympanie meaeane la remused and the annulus tyrupainicus i» vLdble 

Ao, Males, which yeomes uninterraptatty inte Mick’ cartilage, 4A: at, bony lower jaw 
(eniale), with Ite condytoht process artioulating with the I booe; er, incus 
a, Mapes; pr, eimulua tympanionas grf, prevewns styloideus; th, Ligaiaeatum atylo- 
hyoldeum ; A, lemer corn aif the hyo bane ; gi, ite greater eornn, 


‘The latter is an important skeletal element, which attains a consider- 
able sizo, receives into its upper margin the teeth, and grows around 
the cartilage of Mecxet in such « manner that the cartilage is almost 
completely enclosed in a bony cylinder. ‘The whole complicated 
apparatus, composed of several bones and tho original cartilage 
enclosed within them, articulates at the primary joint of the jaw 
between palato-quadratum and os articulare. 

The same fundaments are again mot with in Mammals and Man. 

40 
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fuses with the covering bone. The remainder of that portion of 
Mecrxx’'s cartilage which is enclosed in the canal of the lower jaw, 
from the foramen alveolare onward, is gradually broken down and 
dissolved ; however, remnants of the cartilage are found even in the 
new-born infant at the symphysis. 

At first the bony lowor jaw is a paired structure, consisting of 
tooth-bearing halves, These remain in many Mammals as separate 
bones, being united ina symphysis by means of connective tissue. 
Tn Man they are united in the first year after birth into a single 
piece by the ossification of the intervening tissue. 

‘A special peculiarity is exhibited by the articular end of the lower 
jaw, phylogenetically a covering bone. Instead of beginning to be 
formed, in the manner of the anterior portion, by direct ossification 
of the connective-tissue foundation, there first arises here a carti- 
luginous tissue consisting of large vesicular cells and soft intercelluar 
substance, which is gradually converted into bone, This presents 
a certain similarity to the development of the primordial bones, 
But that the resemblance is only superficial is shown by the differ- 


ence in the structure of the articulation, to which I shall retarn in 
a subsequent section. 


(c) Concerning the Relation of the Head-Skeleton to the 
Trunk-Skeleton. 


In different sections of this text-book—in discussing the primitive 
sogments, the nervous system, and especially now in the discussion 
of the axial skeleton—reference has been made to many points 
of agreement that have been recognised between the structural 
conditions of the head and those of the trunk. In a critical com- 
parison of these two regions of the body there arise 1aany important 
questions which have for several decades engaged the attention of 
the hest morphologists, It may therefore be well here, after having 
given the pertinent facts, to take up these questions more particularly, 
and determine the velation which head and trunk, and especially that 
which head-skeleton and trunk-skeleton, sustain to cach other, 

Before I elucidate the present state of the question, I will give a 
brief survey of the history of these resoarches, which have beon 
grouped together under the name 


“The Vertebral Theary of the Skull." 
The relation which the anterior and posterior parts of the skeleton 
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dissimilar, and more or Jess arbitrary, opinions upon this subject made 
their appearance. An agreement even as to the number of vertebra: 
contained in the skeleton of the head could not be reached, Some 
investigators assumed six, others five or four, or even three only. 

Hoxtey, in his “Elements of Comparative Anatomy,” by a critique 
based upon facts, was the first to prepare the way for a termina- 
tion of this unpleasant state of affairs, in which the vertebral 
theory was held to with tenacity, notwithstanding the contradictions 
that everywhere arose. In his discussion he argued from a series of” 
facts which embryological investigation had brought to light. As such 
the following, important for the problem of the skull, should be 
cited before all others. 

First, the discovery that the skeleton of the head, like the verte- 
bral column, is developed out of a cartilaginous condition, and that 
the brain is first enclosed by a primordial cartilaginous cranium 
(Barn, Duets, Jaconsos). 

Secondly, the doctrine established mainly by Kéntrxen, that the 
bones of the head-skeleton are separable into two groups according 
to their development—into the primordial bones, which arise in the 
primordial cranium itself, and the secondary or covering bones, 
which have their origin in the enveloping connective tissue. 

Thirdly, the insight which wns acquired, through the important 
works of Rarmxe and Rercuert, into the metamorphoses of the 
visceral skeleton, and thereby into the development of the palato- 
maxillary apparatus and the auditory ossicles, 

Through an examination of these various facts, Huxiey was led to 
the important and fully justified conclusion, that not a single cranial 
tone can be recognised as a modification of a vertebra, that the skull 
is no more a modified vertebral column than the vertebral column is a 
modified skull ; that, rather, both ave casentially distinct and different 
modifications of one and the same atructure, 

While Hoxiey stopped at the negative standpoint, simply denying 
the vertebral theory, Georwsaun has made the question of the 
relation of skull and vertebral column, raised by Gorrie and Oxex, 
but from ignorance of the facts incorrectly answored by them, again 
the object of profound comparative study. Rightly recognising 
that the problem can be solved only by detailed investigation of 
the primordial skeleton, he selects as the object for his studies the 
cartilaginous skull of the Selachians, and endeavors in his revolu- 
tionising work, “Das Kopfskelet der Selachier als Grundlage zur 
Beurtheilung der Genese des Kopfskelets der Wirbelthiere,” to 
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pounded his segmental theory of the skull, the way has been 
prepared in many directions, chiefly through embryological investi- 
gation, for a better comprehension of the skeleton of the head, 

Investigations which I undertook on the dermal skeleton of 
Selachians, Ganoids, and Teleosts, as well as on the head-skeleton of 
Amphibia, showed that the difference between primordial and cover- 
ing bones is much greater than it was originally assumed to be, 
For as their development shows, tie covering bones are at jirst 
structures quits foreign to the axial and head-skeleton, formed at the 
sunface of the body in the skin and mucous membrane. They are 
parts of a dermal skeleton, which in lower Vertebrates protect the 
surface of the boly as a scaly armor,—parts which have entered 
into union with the superficially located portions of the inner, 
primordial cartilaginous skeleton. Therefore the covering bones of the 
lower Vertebrates are often tooth-bearing bony plates, which have 
originated from a fusion of isolated dental fundaments, a condition 
which may be regarded for many reasons as the primitive one. 

A further acquisition of broad significance is the discovery of the 
primitive segments of the head, which we owe to Barrour, Mines 
Mansuats, Goerre, Wuae, and Frortee. 

By it an important point of agreement between head and trank 
has been made out. The two body-saca penetrate even into the 
hoad ; here also the two middle germ-layers are separated into a 
dorsal portion, lying in contact with the chorda and neural tube, 
which is divided into nine pairs of primitive sogments,* and into a 
ventral portion (see p. 351). 

‘The head is therefore segmented similarly to the trunk, even at a 
time when the first traces of the fandament of a vertebral column or 
# head-skeleton are not yet present. 

Thirdly, the insight into the development of the cranial nereer 
(Bauroun, Magstant, Wisae, and others) is important, An agree- 
ment with the development of the spinal nerves has been established 
in so far as some cranial nerves have a dorsal origin from a neural 
crest, like the sensory roots of spinal nerves, while others grow out 
ventrally from the brain-vesicles like anterior roots, 

Finally, I would mention as a step in advance, which is not with- 
out significance for the interpretation of the head-skeleton, te 
altered conception of the meaning of the primitive segments which 
embryological evidence has compelled us to form. 

The primitive segments are the real fundaments of the musculature 

* [Sec footnote p. 468.) 
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At thix time the differentiation of head and trunk has already 
taken place. This is accomplished, first by the establishment of the 
higher sensory organs in the anterior portion of the body, secondly 
by the enlargement of the noural tube into the voluminous brain- 
vesicles, thirdly by the formation of a regular series of visceral clefts 
in the walls of the head-gut, which thus also undergo a kind of 
segmentation (branchiomerism). 

The region of the baly which is thus metamorphosed into a head is 
from the beginning segmented, and is composed, as the Selachians show, 
of at least nine primitive segments. 

The development of visceral clefts produces still further differences 
between head and trunk. By the appearance of visceral clefts, the 
front part of the body-eavity is divided up into several successive head- 
cavities. By the disappearance of these cavities, parts corresponding 
to the thoracic and abdominal cavities have become obliterated. 
Further, there are developed out of the cells composing the walls of 
the head-cavities important masses of transversely striped muscles for 
moving and constricting the separate portions of the branchial region 
of the alimentary canal, whereas in the trunk the voluntary 
musculature arises exclusively from the primitive segments. In 
the trunk these masses of muscle spread out both dorsally over the 
neural tube and also ventrally into the wall of the thorax and 
abdomen, whereas in the head they remain limited to a small space 
and do not undergo any extensive development. 

It is only after head and trunk have thus already become in a high 
degree different that the cartilaginous axial skeleton begins to be former, 

The latter is therefore a structure of comparatively recent origin, 
as it also is peculiar to the phylum, Vertebrata, and even here is 
wanting in the lowest representative, Amphioxus lanceolatus. 

The development of the cartilaginous axial skeleton in the two 
chief regions of the body is from the beginning partly similar, partly 
dissimilar, 

The development is similar in so far as the process of chondeifica- 
tion begins in both head and trunk in the perichordal connective 
tissue, then extends around the chorda both above and below, 
ensheathing it, and finally is continued into the connective-tissue 
layer that envelops the neural tube. 

The dissimilarity is expressed in the occurrence or omission of 
segmentation, In the trunk under the influence of the musculature 
there arises a segmentation of the cartilaginous axial skeleton into 
firm vertebral pieces, alternating with intervertebral ligaments which 
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arches that the corresponding skelotal axis must likewise have been 
segmented. They are only an indication of the segmentation of the 
region of the body to which they belong. 

‘That the segmentation of the head which is present in the embryo 
is more or less obliterated in the adult Vertebrate depends upon 
two causes, First the primitive segments are only slightly developed, 
furnishing unimportant muscles, and in part wholly degenerate ; 
secondly the visceral skeleton is subjected to profound metamorphoses, 
Especially in the higher Vertebrates it experiences such a degenera- 
tion and metamorphosis, that finally nothing of the original segmental 
arrangement of its parts (palato-maxillary apparatus, auditory 
ossicles, hyoid bone) is left. 


B. The Development of the Skeleton of the Bxtremities. 


A description of the skeleton of the extremities should be preceded 
by a few words 
in regard to the 


oe bomb 


fundaments of the 

limbs themvelves, 

These at first 

appear as small 

elevations [limb- 

buds] at the sides 

of the trunk in 

front and behind 

(fig. 339). That 

they belong more 

tothe ventral than 

to the dorsal sur 

face of the body is 

evident from the 

fact that they are 

mnervated hy the 

ventral branches Jang, neck-rump meascrement ; taken from the uterus of » 

of the spinal suicide @ hours after her death, after Ramt. 

caren ay, Byes ng, nasal pit ; wk, lower jaw; 2b, byold arch ; «, «, think 

and fourth visceral archos; A, protrusion of the wall of the 

Moreover, the trupk caused by the growth of the heart ; «4, boundary between 

line appeor’ to tro primitive megmetita ; of, we, anterior and posterior Hints, 

belong to a large number of trunk-segments. This ia to be inferred both 

from the method of the distribution of nerves and aleo from the source 
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ward [and ventrad], the anterior limbs more obliquely than the 
posterior, In both of them the future extensor side lies dorsal, 
tho flexor side ventral. Both the radial and tibial margins with the 
thumb and great toe are directed cephalad, the fifth finger and the 
fifth toe eaudad, 

By this and by the fact that the limbs belong to several trunk- 
segments wre explained certain conditions in tho distribution of the 
nerves of the upper extremity. In the case of the arm “the radial 
side is supplied with nerves (axillaris, musculo-cutaneus), whose fibres 
are referable to the fifth, sixth, and seventh cervical nerves. Upon 
the ulnar side, on the contrary, are found nerves (n. cutaneus medialis, 
n. medius, and n. ulnaris) whose origin from the lower secondary 
trunk of the plexus discloses their devivation from the eighth cervical 
and first dorsal nerves” (Scuwauur), 

Tn the further course of development both limbs alter their original 
position,—the anterior to greater extont than the posterior,—in~ 
asmuch a8 they undergo a torsion around their long axes in opposite 
directions, In this way the extensor side of the upper arm becomes 
directed backward feaudad], that of the thigh forward; radius and 
thumb are now directed laterad, tibia and great toe mediad. These 
alterations in position due to torsion are naturally to be taken into 
account in determining the homologies of the anterior and posterior 
extremities, so that radius corresponds to tibia and ulna to fibula. 

In the originally homogeneous cell-mass tho fundaments of the 
skeleton and musculature are gradually differentiated from each 
other, owing to the fact that the colls acquire a more definite 
histological character. In this connection the following phenomepon 
is to be observed :— 

‘The parts of the skeleton of the extremity are not all established 
at the came time, but follow a definite sequence, in somewhat the 
same manueras, in the development of the axinl skeleton, the process 
of segmentation begins in front and progresses backward. So in 
the limbs the proximal skeletal elements (¢., those which are situated 
nearer to the trunk) are formed sooner than the distal ones. 

‘This is the most strikingly apparent in the case of the fingers and 
toes, Whereas the first phalanx has been differentiated from the 
surrounding tissue in embryos of the fifth and sixth week, the 
second and third are not at that time distinguishable ; the ends of 
tho fundaments of fingers and toes still eonsist of a mass of small 
collé in process of growth. In this mass the second phalanx is then 
differentiated, and at last the third, 
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the seventeenth year by a strip of cartilage, and may therefore be 
detached. Afterwards it is united with the scapula by bony substance 
and constitutes the coracoid process. Still later the fusion of the 
accessory centres previously montioned takes place, to which, how- 
‘ever, no great morphological importance attaches. 

‘There are two different views concerning the place which the 
clavicle takes in tho shoulder-girdle. 

According to Gorrre, Horrmaxx, and others, it belongs to the 
primordial skeletal parts, which are preformed in cartilago, and 
corresponds to the anterior ventral process, which was present in the 
primitive form of the shoulder-girdle. According to Grorymaun it 
in « covering bone which has entered into union with the cartilaginous 
skeleton in the same way as the covering bones of the skull have 
with the primordial cranium. 

It is the peculiar method of the development of the clavicle that 
has caused this divergence of opinion. This is the first bone to be 
formed in Man ; it begins to be ossified as early as the seventh week. 
The earliest bony piece, as Gecexsaun was the first to ascertain, is 
developed out of wholly indifferent tissue. Then there are added at 
both ends masses of cartilage, which are softer and provided with 
less intermediate substance than the ordinary embryonic cartilage. 
‘They serve, as in other bones that are preformed in cartilage, for the 
elongation of the clavicle at both ends, There is also developed in 
the sternal end, between the fifteenth and twentieth years, a kind of 
epiphysial centre, as Kontrken states ; this fuses sometimes as late 
as the twenty-fifth year with the main piece. 

The original conditions are the most faithfully preserved in the 
pelvic girdle, oven in Man and Mammals. ‘The first fundament of 
the girdle consists of a right and a loft pelvic cartilage, which are 
united ventrally in the symphysis by means of connective tissue, and 
each of which has at its middle an articular fossa. Ench pelvic 
cartilage is composed of an expanded part extending dorsally from 
the articular depression,—the iliac cartilage,—which is joined to the 
sacril region of the spinal column, and two ventral cartilaginous 
rods,—pubis and ischium,—which, meeting in the symphysis, enclose 
the foramen obtaratorium. 

It is stated by Rosexsenc that the pubic cartilage is at first 
formed independently, but that it soon fuses with the other cartilages 
at the acetabulum, 

Ossification begins at the ond of the third month in three places, 
and thus are formed a bony dium, os pubis, and ischiunm at the 
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expense of the cartilage, of which, however, considerable remnants 
are still present at the time of birth. For the whole crest of the 
ilium, the rim and fundus of the acetabulum, and the whole tract 
from the tuberosity of the ischium to the spine of the pubis is still 
cartilaginous. 2 

After birth the growth of the three bony pieces advances toward 
the acetabulum, where they all meet, being however separated, up to 
the time of puberty, by strips of cartilage, which together form a 
three-rayed figure. At about the eighth year both the ascending 
and descending rami of pubis and ischium fuse with cach other, so 
that at this time each hip-bone consists of two pieces joined by 
cartilage at tho acetabulum—the ilium and an ischio-pubie bone. 
These do not become united into one piece until the time of puberty. 

As in the pectoral girdle, so also in the pelvic girdle, there occur 
accessory centres of oxsification ; of these one, which sometimes arises 
in the cartilage of the acetabulum, is the most important, and ix 
described ax os acetabuli. Others arise in the cartilaginous crest of 
the ilium, in the spines and tubercles, and in the tuberosity of the 
ischium.. They wre not united with the chief bones until the end of 
the period of growth. 


(b) Skeleton of the Free Extremity. 


All skeletal parts of the hand, fore-arm, and arm, as well as of the 
foot, ley. and thigh, are originally solid pieces of hyaline cartilage, 
which early acquire the general forms of the bones that subsequently 
replace them. ‘They are marked off from their surroundings by a 
special fibrous layer of connective tissue, the perichondrium. 

From the beginning of the third month the process of ossification 
takes place in the larger skeletal pieces, by means of which the 
cartilaginous tissue is destroyed and replaced by osseous tissue, in the 
same manner as in the vertebral column. In this process several 
general phenomena regularly make their appearance ; I shall go 
somewhat into the details of these, without however taking into 
account the complicated histological changes, information concerning 
which is given in text-books of histology. 

The process of ossification takes externally a somewhat different 
turn according ax the cartilages are small and uniformly developed 
in all directions, as in the wrist and ankle, or have become more 











elongated. 
In the first case the course of development is more simple. From 
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the perichondrium vascular, richly cellular connective-tissue processes 
grow into the cartilage, dissolve its matrix, and unite with one 
another in its centre. There arises a network of medullary [marrow] 
cavities, in the vicinity of which there is a deposit of salts of lime (a 
provisional calcification). The medullary spaces extend farther and 
farther by destruction of the cartilaginous substance. Then there 
are secreted by the superficially located medullary cells bone-lamellm, 
which gradually increase in thickness, The osseous nucleus thus 
formed slowly increases in size, until finally the cartilage is almost 
entirely replaced, only a thin layer of it remaining at the surface as 
a covering to the bone, 

‘The ossification of the wrist- and ankle-bones is therefore purely 
endochondral, and proceeds ordinarily from one, sometimes from two, 
centres of ossification. It does not begin until very late—in the first 
year after birth. The only exception occurs in the foot, where the 
os calcis and astragalus acquire a bony nuclous in the sixth and 
seventh months, and the cuboid begins to ossify a short time before 
birth. In the others ossification takes place after birth, and, as 
KéGurrxen states, in the following order :— 

I, In the hand, (1) Os magnum and uneiform (first year); 
(2) cuneiform (third year); (3) trapezium and lunar (fifth year) ; 
(4) scaphoid and trapezoid (sixth to eighth year); (5) pisiform 
(twelfth year). 

IL. Inthe foot. (1) Ox seaphoidoum (first yoar) ; (2) internal and 
middle cuneiform (third year) ; (3) external cuneiform (fourth year). 


Concerning the cartilaginous fundaments of a special centrale carpi, which 
usually is not retained as a separate carpal element (ROSENBERG), as well as 
special intermediam tarsi or trigonum (BAnDRLRBEN), the text-books of 
comparative anatomy are to be consulted. 


‘Tho process of ossification is more complicated in the long car- 
tilages, in which, moreover, it begins much earlier, usually even in 
the third month of embryonic life. The course of ossification is 
fairly typical. 

At first  perichondral ossification takes place midway between 
the ends of esch cartilage in the humerus and femur, tibia and 
fibula, radius and ulna, From the perichondrium there is deposited 
upon the already formed cartilage bony tissue instead of a cur- 
tilaginous matrix, so that the middle portion of the cartilage becomes 
ensheathed in a bony cylinder, which is continually increasing in 
thickness, 

4) 
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are first produced, in the manner proviously described, vascular canals, 
which arise by the dissolution of the cartilaginous substance; the 
canals unite to constitute large medullary spaces, at the surfaces of 
which osseous tissue is then secreted, 

By a slowly progressing enlargement of the bony nuclens, which 
continues for years, the epiphyxial cartilage is gradually converted 
into ® spongy osseous disc, being finally reduced to small remnants. 
First, there is preserved, as an investment of the free surface, a layer 
only a few millimetres thick, which constitutes the “articular 
cartilage.” Secondly, there remains for a long time a thin layer of 
cartilage between the older, bony middle piece and the bony dise-like 
epiphysis, and this serves to keep up the elongation of the skeletal 
part. For the cartilage grows vigorously by the proliferation of ita 
cells, and thus is being renewed as fast as its two flat surfaces are 
dissolved away by the endochondral ossification which takes place at 
its expense, both by the growth of the bony epiphyses and, to a much 
greater extent, by that of the more rapidly elongating diaphysis. 

Thus it happens that long bones which have not yet ceased 
growing can be divided into three pieces, if the organic parts are 
removed by maceration. 4 fusion into a single osseous piece does not 
take place until, at the time of maturity, He inerease in the length 
of the body has cease’. Then the thin plates of cartilage between 
the diaphysis and its two epiphyses are broken down and converted 
into bony tissue. From this time forward a further increase in the 
length of the bone is impossible, 

Bosides the three typical and chief centres already described, from 
which the ossification of the cartilaginous fundament of tubular 
bone proceeds, there are established in many cases smaller centres of 
ossification of secondary importance, which are denominated accessory 
bonenuclei, They alwnys arise in the later years, when the epiphyses 
are well developed, and sometimes not until they are in process of 
fusion with the diaphysis, ‘They then appear at places where the 
cartilaginous fundament possesses elevations and projections, as in 
tho tubercles of the humerns, in the trochanters of the femur, the 
epicondyles, ete. They serve for the conversion of these elevations 
into osseous masses, which are generally the last to fuse with the 
chief bone. 

After this goneral description, I add some detailed statements 
about the formation and the number of the more important bony 
nuclei in the fandaments of the separate tubular bones, concerning 
which we have the extensive investigations of Scnwxann, 
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Tn the development of the joints the following general phenomena 

| occur -— 

Young cartilaginous fundaments, as, «g., those of the thigh and 
leg, are in early stages separated at the place where the articular 
cavity is subsequently formed by a very cellular intermediate tissue 
(the intermediate disc of Hexxe uxp Revuen). This subsequently 
diminishes in extent, because the ends of the cartilages grow at its 
expense. In many cases it disappears entirely, so that the terminal 
surfaces of the skelotal parts concerned are for same distance in 
immediate contact, 

‘The specific curvature of the articular surfaces is by this time 
more or less well established. This is accomplished at a time when 
there is as yet no articular cavity, and when, moreover, movements 
of the skeletal parts cannot be executed, because the niuscles are not 
capable of functioning. 

From this it follows that during embryonic life the articular 
surfaces cannot acquire their specific form under the influence of 
muscular activity, und that they aro not formed, as it were, by 
attrition and adaptation to each other in consequence of definite 
recurrent movements in a simply mechanical way, as has been 
assumed by many. The early appearing typical form of the joint 
seems therefore to be inherited (Brnxays). Muscular activity can be 
effective only for alterations at later stages; it is, however, not 
without influence in the further development and formation of the 
articular surfaces. 

When, after the disappearance of the intermediate tissue, the 
surfaces at the ends of the developing cartilages come into immediate 
contact, there arises between them a narrow fissure as the first 
fundament of the articular cavity. This is bounded directly by the 
hyaline articular cartilage, which does not here possess any peri- 
chondrium. Then a sharper delimitation of the articular cavity 
from the surrounding connective tisswe gradually takes place, inas- 
much as a firmer connective-tissue layer, which becomes the capsular 
ligament, is developed from one cartilage to the other, and addi- 
tional fibrous tracts are converted into separate tense articnlar 
ligaments, 

‘The process of development takes a somewhat different course 
when the articular surfaces do not fit into ouch other, In these 
cases the ends of the cartilages cannot como into immediate contact 
in the manner previously described ; they now remain separated by 
more or less considerable remnants of the richly cellular intermediate 
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Summary, 
A. The Vertebral Column, 


1. During development the vertebral column passes through 
several (from lower to higher) morphological conditions, of which the 
lower are permanently preserved in the inferior classes of Vertebrates, 
whereas in the higher classes they appear only at the beginning of 
development and are then replaced. 

2. In the axial skeleton three different stages of development are 
distinguished :— ; 

(1) As chorda dorsalis (notochord), 
(2) As cartilaginous and 
(3) As osseous vertebral column. 

3. The chorda is developed ont of a tract of cells (chorda-entoblast, 
fundament of the chorda) lying below the neural tube and belonging 
to the inner germ-layer, from which it is detached by abstriction 
(chordal folds), « 

4. The chorda ix a rod composed of vesiculated cells and bounded 
superficially by a firm sheath ; it begins with a pointed end beneath 
the mid-brain vesicle (in the region of the future sella turcica of the 
cranial floor) and reaches to the blastopore (primitive groove). 

5. The chorda persists as a permanent skoletal structure in 
Amphioxus and the Cyclostomes. 

6. A cartilaginous vertebral column is found in the adults of the 
Selachians and some of the Ganoids, while in the remaining Verte- 
brates it appears more or less during development as a forerunner 
of the bony vertebral column, 

7. The cartilaginous vertebral column is developed by histological 
metamorphosis out of embryonic connective tissue, a part of which 
envelops the chorda as skeletogenous chordal sheath, and a part 
forms a thin continuous envelope (membranous vertebral arches) 
around the neural tube. 

8. The process of chondrification begins on both sides of the 
chorda, progresses around it both above and below, and thus forms 
& cartilaginous ring,—the body of the vertebra,—from which the 
process of chondrification advances dorsally into the membranous 
envelope of the neural tubes, producing the arches of the vertebre 
and ceasing with the formation of the vertebral spines. 

9, It is not until the beginning of the process of chondrification 
in the unsegmented, connective-tissue, skeletogenous chordal sheath 
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the lateral processes. In the neck-region there is retained, 
between the transverse process and the rudiment of the 
rib, the foramen transversarium for the vertebral artery. 

(8) Atlas and epistropheus [axis] assume special forms, owing to 
the fact that the body of the atlas remains separate from 
the fandaments of its arch, and unites with the body of 
the axis to form its odontoid process, (Separate centre 
of casification in the odontoid process.) 

(4) The sacrum results from the fusion of five vertebre and the 
sacral ribs belonging tothem, The latter by their fusion 
produce the so-called mass laterales, which bear the 
articular surfaces for the ilinm. 


B. The Head-Skeleton, 


16, The skull, like the vertebral column, pases through three 
morphological conditions, which are designated as membranous and 
as cartilaginous primordial cranium and as bony cranial capsule. 

17. The membranous primordial cranium consists of — 


(1) The anterior ond of the chorda, which extends to the anterior 
margin of the mid-brain vesicle, and 

(2) A connective-tixsuo layer, which surrounds the chorda as 
skeletogenous layer, and also furnishes a membranous 
investment around the five brain-vesicles. 

18. Tho cartilaginous primordial cranium arises by a histological 
motamorphosis of the mombranous one, 

(1) At the sides of the chorda there are first formed two car- 
tilaginous rods, the two parachordals, which soon grow 
around the chorda both above and below, and become 
united into a single cartilaginous plate. 

2) In front of the parachordals Ratuxe's trubecule cranii 
make their appearance ; their posterior ends soon unite 
with the parachordal cartilages, their anterior ends 
become enlarged and by fusing with each other produce 
the ethmoid plate ; in the middle they remain for a long 
time separate and embrace the hypophysis (region of 
sella tureica), 

(3) From the cartilaginous base of the cranium thus produced, 
the process of chondrification, as in the development of 
the vertebral column, first extends into the lateral walls, 
and at last into the roof of the membranous primordial 
cranium, partly enclosing the higher sensory organs. 
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27, The membranous hyoid arch furnishes, [beginning with] its 
uppermost part,— 

(c) The bow of the stapes,—wherens its plate is derived from 
the cranial capsule and is, as it were, cut out to form the 
fenestra ovalis,— 

(8) The processus styloideus, 

(c) The ligamentum stylohyoideum, and 

(d) The leser horn and body of the hyoid bone, 

28. The third membranous visceral arch is chondrified only in 
its lowest [ventral] part, to form the greater horn of the hyoid 
bone. 

29. At no stage of its development does the primordial cranium 
exhibit evidence that, like the vertebral column, it is composed of 
separate segments. 

30, The original segmentation of the head is expressed in only 
three ways—in the appearance of several primitive segments (myo- 
tomes), in the arrangement of the cranial nerves, and in the funda- 
ment of the visceral skeleton. 

31. The primordial cranium is therefore an unsegmented skeletal 
fundament in a region of the body that is segmented in another 
manner. 

32. Tho ossification of tho head-skeleton is a much more com- 
plicated process than that of the vertebral column, 

33, Whereas in the vertebral column there are developed bones of 
only one kind,—through substitution for cartilage,—there are to be 
distinguished in the ossification of the head-skeleton, according to 
their ‘formation and source, two different kinds of bone—primary 
and secondary. 

34. Tho primary bones of the head arise in the cartilaginous 
primordial cranium and visceral skeleton, like the separate bone- 
nuclei in the cartilaginous vertebral column. 

35. The secondary bones, covering or membrane-bones, arise 
outside the primordial skeleton of the head in the connective-tissue 
foundation of the skin and mucous membrane; they aré therefore 
dermal and mucous-membrane ossifieations, and constitute in lower 
Vertebrates portion of a dermal skeleton that covers the surface 
of the whole body. 

36. The covering bones are developed in some instances, which 
can be regarded as reproductions of the original method, by fusion of 
the bony bases of numerous denticles which arise in the skin and 
mucous membrane, 





‘bones of connective-tissue origin (covering bones) present an invest- 
ment of fibrous connective substance (articulation of the jaw). 

49. The form of the articular surfaces is determined at a time 
when an influence on the part of the musculature is not to be 
considered 
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Allantoic circulation, 552. 
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Basal plate of the placenta uterina, 
262. 


Basilar plate, 606. 
Bell's law, 460. 
Belly-stalk of human embryo, 245. 
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— vesicle, 422, 431. 
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Bone-nuclei—see’ Centres of ossifica- 

tion. 
Bony labyrinth, 602. 
tissue, 541. 
Bowman's capsule of urinary tubules, 
6: 











8 
Box-within-box theory, 23. 
Brain, 421. 

Brain-fissure, anterior. 431. 
— Posterior, 420. 

Brain-plate, 4 
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— first, 439. 
— second, #31. 
— third, 430, 





= fourth, 

—- fifth, 427 
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— furrows, 286. 

~~ leaflets, 287, B71. 
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Calcar avis, 441. 
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Canalis hyaloidens, 475. 

— incisivus, 517. 

— neurentericus of Amphibia, 120. 

-— neurentericus of Amphioxus, 110. 

— nearentericus of Birds, Reptiles. 
ete., 126, 417. 

— neurentericus of Mammals, 129, 
282, 293. 

— reuniens, 497. 

— utriculo-saccularis, 497. 

Cardiac endothelium, source of, 175, 


B44. 
Cardinal veins, 577. 
Carpal bones, 641. 
Cartilaginous tissue, 640. 
Carunculs lacrymalis, 487. 
Cauda equina, 421. 
Caudal fold. 200. 
— gut, 292. 
— sheath, 209, 
Cavum tympani, 607. 
Cella media, 443. 
Cell-budding, 31. 
Cell-patches (chorionic epithelium), 


Central canal of the spinal cord, 419. 
— furrow of the cerebrum. 447, 
— lobe of hemispheres, 442. 
Centres of ossification, 643, 699. 
Centrolecithal egge, 12. 
Centroeomes, 53. 
Cephalic curvature, 284. 
— elevation, 202. 


-= process—see Head-process. 
— sco also Head. 
Cerebellum, 430. 

— vesicle of, 422. 
Cerebral mantle, 426, 





Cervical cavity, 546, 566, 
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Chief germ, 189. 
Chorda dorsalis, 110, 598. 
— fundament of, 110, 117. 
— tympani, 508, 621. 
Chordal canal, 132. 
-— groove of Amphibia, 119, 
— groove of Amphioxus, 111. 
— groove of Birds, Selachians, Mam- 
mals, 130, 131, 
— sheath, 594. 
— sheath, skeletogenous, 595. 
Choriocapillaris, 482. 
Chorion, 9, 
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Chorion frondosum, 249, 259, 
— leve, 249. 
of 





248. 
ic epithelium, 261, 268. 
— villi, 248, 260. 
ciara fissure (brain), 441, 443. 
‘optic cup), 483. 
chon lea, 483. 
Chromatin of nucleus, 9, 52, 55. 
Chromosomes, 42, 52. 
Cicatricula, 15. 
Ciliary body, 478, 483. 
— processes, 479. 
Circumerescence-margin of germ-dise, 
123, 139, 
Claustrum, 442. 
Clavicle, 639. 
Cleavage, process of, 51. 
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parti 1, 57. 62. 
~~ partial, maperdcinl 87, 68. 
~- acheme of, 57. 


— unequal, 67, 58. 
Cleavage-cavity, 67. 
Cleavage-cells, secondary, 65. 
Cleavage-nuclens, 40. 
Cleft, palate, 624. 
Clitoris, 400. 
Cloaca, 398. 
Closing membrane, 286, 

— plate, 286. 

- - plate of brain (lamina terminalis), 

423, 440. 

— plate of placenta, 263. 
Coceyx, 6¢0. 
Cochles, 494, 502. 
Ccecum, 301. 
Ceelenteric folds, 114. 
Ceelenteron, 85, 107, 170. 
Coelom-theory, 153, '189. 
Coloboma choroidere, 484. 

— iridis, 484. 
Conarium, 432. 
Cone of attraction. 39, 
Conjunctival sac, 486. 
Connective substance, 170, 

— tissue, fibrillar, 540. 
Conus medullaris, 421, 
Coracoid process, 638. 
Corium, 521—sce also Derma, 
Cornea, 476. 
Cornu Ammonis, fold of, 443. 
Cornus, of lateral ventricles of brain, 

43. 

Corona radiata of the egg, 14. 
Corpora quadrigemina, 430. 
Corpus callosum, 446. 

— luteum, 380. 
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+ Corpus papillare, 521. 


— striatum, 441. 
Corti’s organ, 498, 505. 
Cortical furrows of brain, 446. 


Cotyledons of the embryonic mem- 


branes of Ruminants, 234, 
— of human placenta, 259, 262. 
Covering bones, 616, 619. 
— enumeration of, 619. 
Cranium, 605. 
— facial part of, 609. 
Crescentie groove of germ-lis, 98, 96, 


Crista acustica, 492. 498. 
Crown-rump measurement, 319, 
Crura cerebri, 430, 

Cryptorchism, 392. 

Cunens, 428. 

Catislayer, 348. 

Cutis-plate, 174, 343. 

Cuvier's duct—see Ductus Cuvieri. 


D. 


Daughter-loops of nucleus, 53, 54. 
Decidua, 235. 





— serotina, 243, 257. 
— vera, 243, 253. 
Decidual cells, 255. 
Dental furrow, 309. 
— groove, 309. 
— papilla. 307. 
— ridge. 308. 
— sac, 310. 
Dentale, 625. 
Derma, 521. 
Dermal navel, 20: 
— skeleton, 616, 

— stalk, 205. 

— yolk-sac, 205. 
Descemet's membrane, 477. 
Descensus ovarioram, 393, 396, 
— testiculorum, 387. 390, 
Desmohemoblast, 180, 
Deutoplasm, 
Diaphragm, 
Diaphragmatic hernia, 569. 
— ligament of the pronephros, 385. 
Diaphysis (diaphysial nucleus), 642. 
Differentiation, bistological, 88, 16¢, 


Diphyodont, 309. 
Direction bodies —see Polar cells 
Discus proligerus, 
Divereigulus Nuckin, 497, 
Division of labor. 83. 
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Double organisms, 45, 
Downy hair, 524. 
Ductus Botalli, 675, 587. 

=. cochlearis, bony, 503. 

— cochlearis, membranous, 494, 497. 

— Cereirphaticus, 499, 

e icus, . 

= finguelis" 390. 

— thyroideus, 320. 

= thyreoglossus, 318. 

— venosus Arantii, 585. 

— vitello-intestinalis, 205. 
Dumb-bell figure of egg, 52. 
Dural sheath of the optic nerve, 486. 


E. 


Kar, inner, 491. 
middle, 508. 





— outer, 609. 
Earcapsule—sce Auditory, 
Ear-wax glands, 528. 
Ectoblast, 86. 

Ectoderm, 86. 


— abortive, 37. 

— alecithal, 12. 

— animal pole of, 11. 
— centrolecithal, 

— compound, 13. 
- heterolecithal, 28. 





— homolecithal, 28. 
meroblastic, 57, 66, 197. 
of Amphibia, 14, 58. 
of Ascaris, 41, 53. 
of Birds, 15, 62. 
of Echinoderms, 7, 38, 51. 
of Mammals, 12. 
of Man, 13. 
telolecithal, 12. 
Egg-balls—ae Eye-nests. 
Egg-cell—eee Exe. 














Egg-envelopes, Y—eee also Vitelline | 


membrane and Fetal mem- 
branes. 

Egg-membranes—see Vitelline mem- 
brane and Foetal membranes. 

Exgg-nests, 375. 376. 

Egg-nucleus, 32. 


Ege-yolk, 7. 
Embryonic area, 198, 

t, 102, 
Enamel-germ, 309, 
Enamel-membrane. 306, 310, 
Enamel-organ, 310. 
Enamel-pulp, 310. 
Endocardiues, 544, 





ANDEX 


Endochondral osifcation, 699, 610, 
Endolymph of the ear, 4 

Enteroceel, 

Entoblast, ne 108, 149—see also Ento- 


derm. 
Entoderm, 86, 86, 108, 149—see also Ento- 
Epicondyles, 64. 
Epidermis, 520. 
sai Primitive (Hornblatt), 520, 450, 


— rerio of the skull, 608. 
Ethmoidal celle, 618. 
Eustachian tube, 611. 
Extremities, muscles of, 636. 

— nerves of, 637. 

— skeleton of, 635, 640. 
Evolution, theory of, 

Eye, 467. 

— ‘chambers of, 477. 
Eyelid, 486. 
Bye-membranes, 476. 
Eye-muecles, 362. 





F 


Fallopian tube, 395. 
Falx cerebri, 422, 439. 
Fat glands, 628. 
Femur, 644. 
Fenestra ovalis of temporal bone, 613. 
Fertilisation. history of, 45. 

= Process of, 87,41. 


ry 
Fibrin, seal of the placenta, 261. 
268. 


Fibula, 644. 
Filum terminale, 420. 
Fimbria, 445. 

Fissura calcarina, 441, 445. 

— cerebri transversa, 445. 

— choroides (brain), 441, 448. 

— choroidea (optic cup), "483. 

_ Glaser, 62i. 

~~ hippocampi, 441, 443, 

_ Hid aseile italis, 441. 

— petrotympanica, 621, 626. 
Foetal membranes, deciduous, 285, 243. 

— of Mammals, 221. 


INDEA. 


Foetal membranes of Man, 241, 
— of Reptiles and Binds, 206, 

Folds, formation of, 77, 155. 

Follicles of ovary, ‘formation of, 876, 


Follicular ‘celle, 12, a4 
Foramen ineisivat 


Fr 208, 283. 

‘oregut, 

Formative olk, 11, 

Fornix, 441. 

Fossa thomboidalis, 425, 428, 429. 
— Bylwil, 441, 

Fretam Haller, 866, 664, 


‘= Anlage)—see Trane. 


“A 


- 309, 

— af tooth of Sduchian, on. 

— of vertebra, 5697. 
Funicalus ‘umbiitcalis, 252, 268, 


a. 


Gall-bladder, 329. 
Ganglion seusticum, 408. 
— ‘pi 
Gartsers canals, 308. 
Gastrasa-theory, 84, 149. 
Gastrula, 84, 149. 
~ of Amphibia 87, 


— Sf the Ohiak 3. 
=f eee 
m 
— of Reptiles, 97. 
— of Selachiane, 20, 
Gelatin of Wharton, 270, 
Golatinoas core of intervertebral die, 
— tissue, 539, 
— tise of membranous ear-copsule, 


Germ-colls, 974. 
Germ-dise, 1 

Germinal splthetiom, 374, 
Germinative spot, 7, % 





Germinative vesicle, 7, 
tion 


— degeneration of, 
Germ-layer, inner, 86, 
— inner, organs ai 281, 
= midi, 108.1 
- ay of Corgan, 108, 
— mid aera ot 


- division’ of the organs according 
to, 188, 


— history of, 145. 
— of Amphibia, 88, 
— of Amphioxus, 86, 
of Marna, 99 
— of Mam , 
— of Selachiana, 91, 


— primary, #4, 

Giant ‘cells oth 

Gill—seo Branch: 
Glandula pinealis, 493. 
= probyoides, $20, 


Grantee utriculares, 25: 
Glandular area of milk. lands, 629. 
mes, 530, 


ita, 263, 


— of Monotres 


|, 870, 
of Mainmals an 879, 
— vesicle of Mammals, 12, 
Great flssure of brain, Wai are alee 
Int fissure, 


Growth, principle of uns 76. 


Gabernaculam Hunters, 
Gyri, 427, 447. 


}, 390, 


Th 


Hair, 622, 
bulb of, 628, 
downy, C24. 
‘of, 522. 

Showing of, 625, 
Halr-folliche, 522. 
Hair-papilla, 522, 

Hammer (mailers), 612, 621. 

Hare-lip, 6: 

Heateenrities, S51. 

Headl-gut, 203, 233. 

Head-fold, 200. 

Head-muscalature, 352. 
Head-process of primitive streak, 126, 


Head-segmenta, 169, 351, 158, 
Head-sheath, 208. 
Hend-skeleton, 603, 
Heart, 642, 646, 663, 

— auricles of, 555 
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Heart, contractions of, 551, 
Hensen's node, 29. 
Hepatic cirenlation, 588. 
cylinders, 327 
Hermaphroditism, 402. 
Hernia, diaphragmatic, 569. 
Highmorian antrum, 518, 
Hind-brain, 421, 
— vesicle, 422. 
Hind-gut, cavity of, 203. 
Hippocampal fold, 443-5. 
— furrow—see Fissura hippocampi. 
Holoblastic egie; 57 
Homolecithal egurs, 28. 
Howship's pits, 313. 
Humerus, 641, 644. 
Hydatid of oviduct, 895. 
— of suprarenal, 390, 
Hydramnion, 251. 
Hyoid arches, 289, 609. 610, 
— bone, 613, 619. 
Hyomandibulare, 610. 
‘Hypobranchial furrow of Tunicates, 
317. 
Hypophysial pocket, 487, 594, 607. 
— sac, 437. 
Bypophyxia, 438 























‘Hypospadias, 408. 

L 
Idioplasm, 44. 
Tlium, 6: 
Incus, 612. 









Infundibulum, 431, 4 

Inguinal canai, 392. 

— ligament of pronephree, 486, 39, 

~~ ring, 392. 

Insertio centralis, marginalis, vela- 
mentosa of human umbilical 












of the joints, 6: 
— cord (spinal ganglia), 451. 
Intermuscular ligaments, 350. 
Interpallial fissure of brain, 439. 
Interparictale, 619. 

















Interplacentar spaces of placenta,” 
262, 
Intervillous spaces of placenta, 
268, 
Intestinal entrance, 203, 
fold, 20: 
— groove, 203. 





loop of human embryo, 29 
navel, 203. 











1 





INDEX. 


Intestinal Portal (anterior and pos- 
taster) 208 a 
+ — tube, 281. 


— xe also Alimentary. 

Intumescentia cervicalis et lumbalis, 
421. 

— gangliformis Scarpa, 498, 

Iridal fissure, 484, 

Iris, 478, 482. 

Ischium, 639. 


J. 
Jacobeon’s cartilage, 517, 





Jaw-muscles, 351. 

Jelly-core of Echinoderm larvir, 170. 
— of intervertebral disc, 597. 

Joints, formation of, 644, 

Tugalar vein, 577. 


Kk. 


Kidney, 367. 
L 


Labia majora, 400, 
— minora, 400. 
Labial fissure, 623. 
Labyrinth, membranous, 490, 
— osseous, 502. 
Labyrinth-region of skull, 608. 
Lachrymal bone, 619, 
— duets, 471, 487. 
— glands, 487, 
— groove. 487. 
— tubule, 4x9. 
‘Lamina fusca, 483. 
= quadrigemina, 430. 
spiralis oseea, 503. 
— terminalis, 440. 
Lanugo, 524. 
Larynx, 320. 
Latebra of Hen’s egg. 16. 
Lateral folds of trunk, 200, 
~~ plates, 165. 
— process of vertebra. 608, 
- + ventricle, 425, 440. 
Lens, growth of, 473. 
— star of, 47: 
Lens-vesicle, 468, 471. 
mentum Arantii, 583. 
~ Botalli, 















pate 
== intermusculare, 350, 598. 





INDEX. 


Ligamentum intervertcbrale, 596. 
— laterale internam maxille inf., 


— ovarii, 396. 

— phrenico-lienale, 303. 

— atylo-hyoideum, 613. 

— suspentorium, 330. 

— teres hepatia, a 
6, 


396. 

ilicale laterale, 577. 
— vesico-umbilicale medium, 399. 

Limbs, 635—see also Extremities. 

Limbus Vieussenii, 565, 

Liquor amnii, 212, 260. 











Liver, 324. 
Liver-circulation, 683. 
Liver-ridge, 326. 
Lobes of the cerebrum, 442, 

— olfactory, 448, 611. 
Lobus olfactorius, 448, 611. 
Longitudinal fissure of brain, 440—see 

alo Interpallial fissure. 
Lumbar vertebra, 602. 
ings, 320. 

— alveoli of, 323. 

— fundaments of, 321. 
Lung-sac, 322. 
Lung-vesicle, primitive, 22. 


Macula acustica, 492. 198, 
— germinativa, 7, 9. 
Male pronucleus, 40--see also Sperm- 
‘nucleus. 
Malformations by arrested develop- 
ment. 392, 403, 484, 560, 569, 
575, 601, 623, 
Mamma, 531. 
Mammalia achoria, 230. 
— choriata, 230. 
— deciduata, 236. 
— indeciduata, 236, 
Mandible (Maxilla inf.), 609, 619, 622. 
Mandibular arch, 284, 609. 
-- articulation, 645. 
— process, 284, 610. 
Mandibulare, 624, 609. 
Marginal arch, 443, 446, 
=~ germ, 180. 
— groove, 199, 
— ridge, 95. 
— sinus of the placenta, 264. 





Mataration, phenomena’ of, in the 





Maxilla Sterior—see Mandible. 
— superior. 619. 
Maxillary fisoure, 623. 
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Maxillary process, 488, 284, 610. 
Meckel’s cartilage, 612, 621, 622, 624, 
Meconium, 331, 521, 524. 
Mediastinum, 569. 
Medulla oblongata, 425. 
Medullary cords of ovary, 381, 394. 
— folds of Amphibin, 79. 
— folds of Amphioxus, 110. 
— folds of the Chick, 126. 
— farrow, 110, 125. 
— groove, 110, 125. 
plate, 109, 416. 
— ridges—eer Medullary folds, 
‘Meibomian glands, 487. 
Membrana adamantinz, 310. 
— capsularis, 474. 
= eapsulo-papilaris, 474, 
— chorii, 260. 
— eboris, on 
++ granulosa, 380, 
— hyaloides, 475. 
— limitans, 480. 
— nictitans, 487. 
— pupillaris, 474. 
— reuniens inferior, 554. 
=~ reuniens superior, 172. 
— tympani, 609. 
~~ vasculosa dentis, 474. 
~- vitellina, 7, 9. 
Merocytes, 
Mesenchymatic germ, 154. 
Mesenchyme, 154, 171. 
=~ of Birds, 174. 
of Selachians, 172. 
— theory, 170, 175, 189 
Mesenteries, 295. 
Mesenterium, 108, 295, 
— commune, 300. 
-— ventrale, 324. 
Mesoblast, 106, 108, 118. 
Mesobla: somites, 162 -see also 
Primitive segments, 
Mesocardium, 324, 543. 
— anteriug, 543, 
— posterius, 543. 
Mesocolon, 302, 
Mesoderm, 104, 108, 118, 


























— cords, 308 
— duct, 353, 


58, 360, 394 





Mesovarium, 3 
‘Metanephros, 367, 
Micropyle, 41. 
Mid-brain, 421, 
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Mid-brain vesicle, 430. 
Middle ear, 508, 
late, 35 


— of Am 
— of Bi 
— of Chwetognatha, 108. 

— of Mammals, 110, 129, 
— organs of, 341. 





fas, 02. 
Morgagni’s hydatid, 395. 

Morula, 56, 68. 

Mouth, “development of the permanent, 


Malbery: -sphere, B6, 68. 

Mullerian duct, 69, 386, 295. 

Multiple organisms, 

Muscle-layers of Arapbioxa and Cy- 
clostomes, 343. 

Muscle-plate, 174, 348. 

Musculature of the extremities, 350. 

— of the head, 352. 

— voluntary, 342, 346, 

Musculus cremaster, 392. 

— obliquus abdom. int., 392. 

Muskelkiistchen, 344, 347, 

Myocarle, 349. 

Myomeres, 343, 360, 598, 

Myomerism, 63! 

Myotome, 362. 


Nail-plate, (27. 
Nails, 526. 
Nasal area, 511. 

— bone, 619. 

— furrow, 513. 

— orifice, ‘inner, 514. 

-~ orifice, outer, 614. 

PI 488, 513. 
Naso-palatal (Stenson's) duct, 517, 
Naso-pharyngeal passage, 517. 
Neck-measurement, 283. 
Nephridial funnel, 356, 364, 
Nephrostome, 364. 
Nephrotome, 362, 

Nerves, 452. 
Nervous aystem, 416, 449. 
Nervus acusticus, 506. 

— cochlew, 502. 
hypoglossus, 457. 
laryngeus inf. (recurrens), 575. 
— lateralis vagi, 456. 
~ - phrenicns, 569. 

~ vagus, 299, 

-— vestibuli, 602, 














INDEX. 


Neural crest, 450. 

— plate, 41 

— ridge, 50. 

tube, 110, 417. 

Nictitating membrane, 487. 
Nipple, 530. 
Nose, 518, 
Notochord—see Chorda dorsalis. 


Nucleol, 8. 
Nucleus caudatus, 442, 

— lentiformis, 442. 
Nutritive yolk—see Yolk. 


oO. 


Occipital bone, 617. 
— lobes, 443. 

Tegion, 608. 
Odontoblasts, 306. 
‘Esophagus, 297, 299, 320, 
Olfactory buds, 613, 

— labyrinth, 618. 

— lobes, 448, 611, 

— nerve, 448, 511. 
— organ, 511. 

— pit, 611, 
Omentum, greater, 299, 803, 
— lesser, 300, 330. 
Osscope, 212, 
Optic cup, 469, 476. 

— nerve, 484. 

— vesicle, 423, 467. 
— vesicle, stalk of, 468. 
Orbital region, 608. 
Os acetabuli, 640. 

— angulare, 622, 625. 
— articulare. 625. 

— coceygis, 600. 

— coracoideum, 638. 
— dentale, 625. 

— entoglossum, 610. 
— ethmoidale, 621. 
— frontale, 621, 

— hyoides, 613, 622. 








— interparietale, 619. 
ischii, 639, 
lacrymale, 621. 
lentiforme, 614. 

—- maxillare, 516. 

— parietale, 621. 


INDEX. 


Stotith, 492. oe 
ater germ-layer—see Gorm-layer, 
Ovarinm—eee Ovary. 
Ovary, 374. 
Ovidluct of the Hen, 17. 
— of Man, 395, 
Ovists, 24, 
Ovam—#e Egg. 


P. 


Palatal fsrure, 616, 623. 

— plate, 515, 611, 

— velum, primitive, 288, 437, 
Palate, 515, 611, 622. 
Palato-quadratam, 609, 624, 
Pancryas, 824, 332. 

Pander’s nuclear, 16, 
Papilla of milk-glands, 590, 631, 
Papillary bodios of ekin, 621. 

— muscles, 563 
Parablast, 180, 159. 
Parablast-nuclei, 64. 
Parablast-theory, 189. 
Parachordal cartilages, 606, 
Paradidymis, 

Paranucle’ 
Parietal cavity, 558. 
elevation, 284, 424, 431. 
i. 


prominence, 234, 424, 431, 

— none of blastoderm, 167, 
Varobphoron, 394. 

Parovarium, 394. 
Pars corncoidea, 638. 

— membranacea of beart, 564. 
Parthenogenetic exgs, 34, 36. 
Patolla, 644. 

Pocten of Bird's eye, 483, 
Voctoral girdle, 633. 
Pedunculus cerebolli ad pontem, 429, 

— cerebri, 560. 

— tloceul!, 429 
Pelvic girdle, 638, 

Penis, 402, 





Pericardial cavity, 566, 
Fericardinm, 548, 506, 
Parhes Perichondra cesiation, 616, 

phatic 5 
ert srr agen 
Porivisceral cavity—see Body-cavity. 
a pi, El 


Pia abesth of optio nerve, 486. 
Pineal body, 4 ah 


— conaria, 236. 
Placental circulation, 263-8, 553, 
Plane of division (cee), 56. 
Tiere cavity, 666, 
Plexus ihe ant, 431, 

— lateralis, 


— pot, 429, 
Piica semilunaria, 487, 
Polar cella, 32, 

= les—aeo Polar cells and 


itrosomes, 
— ae of egy, 11, 35, 


Prebepaticas ( (arte, S28, 890, 567. 
Primitive ova, 874. 
— sroore, 141,133, 185, 282—sen aloo 
Blastopore. 
— mouth—gee Blastopore and Primi- 
tive groove. 
— organs, 86, 187. 
— segment plates, 165. 
= segments, 112, 161. 
of mart Binds, 
of Al ray tig, Tht 
— segments of ‘Ary 
— segments of the 
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Primitive segments of the trunk, 342. 
— spermatic cells, 374, 382. 
— streak, 121, 133, 135, 242—see | 
Blastopore. 
Primordial bones, 615. 
_ bones, enumeration of, 619. 
— cranium, 605. 
cranium. cartilaginous, 595, 607. 
cranium, chordal, 607. 
cranium, evertebral, 607. 
cranium, membranous. 595, 
cranium, prechordal, 607. 
— cranium, vertebral, 607. 
Principles of development, 76. 
Proamnion, 
Processus ci arcs, 479. 
— pinealis, 432. 
—— styloideus of petrosal, 618. 
— styloideus of radius and ulna, 644. 
— vaginalis peritonei, 391, 396. 
Prochorion, 224. 
Pronephric duct, 858, 359. 
Pronephron, 353, 
Pronucleus, 32. 
— female, 32—see also Egg-nucleus, 
— male, 40—see also Sperm-nucleus. 
Prostata, 402. 
Prostate gland, 402. 
Protoplasmic radiation, 40, 1. 
Protovertebrae, 162, 598—sce also Pri- 
mitive segments, 
Pterygoid process of sphenoid, 619. 
Pubic bone, 639. 
Primonary alveoli, 323. 
— artery, B64 
Pupil, 478. 














R 


Radiations of protoplasm, 40, 51. 

Radius, 64 

Rathke's pocket, 28% 

— pouch, 285, 437. 

— trabeculae cranii, 606, 
102. 








Receptive ele 


Recessus labyrinthi, # 
Regio olfactoria, 515, 





3. 

Re-segmentation of vertebral column, 
BY. 

Reserve material, 21. 

Rete testis, 384. 

Retina, 480, 

Ribs, 6¢0, 

Ring-lobe, 442. 

Roots of attachment of the chorion. 
260. 

Round ligament, 286. 





INDEX. 


 Busconian anus, 88. 
— digeative cavity, 88, 


8. 


Sacculas, 496. 

Sacral ribs, 602. 
Sacrum, 602. 
Salivary glands, 305. 
Scala tympani, 506. 
— vestibuli, 506. 
Scapula, 638, 


, Schizoceel, 108, 


Sclerotica, 471. 
Selerotome, 172, 348, 362, 
Scrotum, 892, 402, 

Sebaceous glands, 528. 
Seessel’s pocket, 594. 
Segmental theory of skull, 631. 
Segmentation—ire Cleavage. 
Sella turcica, 438. 607. 
Semicircular canals, bony, 603, 
— membranous, 494, 
Semilunar valves, 564. 

Seminal ampullee, 383. 
— mother-cells, 383. 
— tubules, 334. 

— see also Spermatic. 
Septa placentie, 262. 
Septum atriorum, 558. 
— trahsversum, 567, 577. 
— ventriculorum, 560. 
Sexual conis of the mesonephros, 381- 
383, 404 
— eminence, 399. 
— folds, 400. 
— glands—ser Sexual organs. 
— groove, 400. 
— organs, 374. 
organs, external, 397. 
part of mesonephros, 387. 394. 
— ridge. 399. 

Sheath of the root of hair, 625. 

Shell of Hen's egg, 17. 
Shell-membrane, 17. 

Shoulder-blade, 63%, 
Shoulder-girdle, 638. 

Sinus cervicalis (precervicalis), 289. 

i Bel. 




















etbmoidales, 518, 

frontales, B18. 

genitalie, 396, 
518. 





— reuniens, 558. 
~  sphenoidales, 518. 
superior of ‘vertical semieireular 





— urogenitalis, 398. 





INDEX. 


Skeletogenous tissue, 172, 348. 
Skeleton, 

— axial, 172, 593. 
Skin, 620. 
skull, 603. 

— facial part of, 604. 
Smegma embryonum, 520. 
Sole-horn, 527. 
Somatopleure, 200, 356. 
Somites, 162. 
Spermatic bodies of Nematodes, 42. 
— celle, 19, 382. 

~~ filaments, 19. 

— mother-cells, 383, 

=~ ace also Seminal, 
Spermatid, 20, 
Spermatozoa, 19. 
Sperm-nucleue, 40. 
Sphenoid, 617, 620. 
Spinal cord, 418. 

=_ ganglia, 449. 
Spindle-fibres, 52. 
Spiracle of Selachians, 506, 609. 
Stalk of the brain, 430. 
Stapes, 613. 
Stem-part of hemispheres, 442 
Stem-zone of blastoderm, I 

















Stomach, 295, 

— torsion of, 298. 

Btyloid process of petrosal, 613. 

— of ulna and radius, 644. 
Substantia perforata poet., 430. 
Substanzinseln, 181. 

Bulcus centralis, 447 

— interventricularie, 555, 560. 

— tubo-tympanicus, 508. 
Superfetation, 44. 

Supplementary cleavage, segmenta- 
tion, 63, 99, 139. 
— hair, 525. 
~ teeth, 308, 

-— tecth of Man, 312. 

Supra pericardial bodies of Shark, 288, 


Suprarenal bodies, 403. 





Sustentative substance, 170—see also | 


Translator's Preface. 
— tissue—see Connective tissue. 
Sutura incisiva, 622. 
Sweat-glands, 528. 

Sympathetic, 462. 





T. 


Tenia sinus rhomboidalis, 429. 
Teenie thalami optici, 432. 
Tail-fold, 200. 
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Tarsus—see Ankle-bones. 
Teat, 530. 
Teeth, reserve, 308, 312. 
— shedding of (Mammals), 309. 
== shedding of (Man), 313. 
~ shedding of (Shark), 809. 
— supplementary, 308, 
Tela witvolden, anterior, 431, 
— fold of, 443. 
— furrow of, 448. 
~ inferior, 429. 
= lateral, 444, 
— posterior, 429. 
Enperior, 431. 
Telolecithal eggs, 12. 
— yolk 
Temporal bone, 619, 620, 
lobes, 443. 
Teneor tympani, 508, 








Theea folliculi, 377. 
Theory of transmission, 44. 
Thoracic cavity, 567. 
Throat-clefts—sce Visceral clefta. 
Thymus, 314. 
Thyroid gland, 817. 
Tibia, 644. 
Tongue, fundament of, 304. 
Total furrows of brain, 441, 446. 
Trabecule cranii, 606. 
Trachea, 320. 
‘Tranemission-theory, 44. 
Truncus arteriosus, 649, 564. 
‘Tronk-segments, 168, 458, 
Tuba Eustachii, 506. 
— Fallopie, 395. 
‘Tubuli recti of testis, 384. 
— seminiferi, 384. 
Tanic ria testis, 392. 
— vaginalis communis, 392. 
Turbinals, 515, 619. 
Tympenic cavity, 506, 608, 610. 
— Ala, 603. 






U. 


Uina, 644. 

Umbilical cord, 262, 268. 

— vein, 270, 552, 578. 

-— vesicle of Man, 251. 

— vessels, 218, 260, 270, 552, 576. 
Urachus, 217, 389. 

Ureter, $67, 


Urinary’ Bier, 399. 


Urogenital system, 853. 
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Uterine glands, 235, 252, 258, 271, 
Uterus, 395. 

— masculinus, 389, 402. 
Utriculus of labyrinth, 494, 496, 
Uvea of iris, 483. 


v. 


Vagina, 395. 
Valvula Eustachii, 565. 
— foraminis ovalis, 565, 587. 
— Thebesii, 565. 
Vas deferens, 388. 
‘Vascular endothelium, 175. 
— glomeralus of the pronephros, 357. 
— glomerntus of the mesonephiros 





Vegetative cells, 60. 
— pole of egg, 11. 
Velum medullare ant.. 430, 
— inf., sen., post., 429. 
Vena azygos, 583. 
inalis, 681, 582. 
— cava inf., 578, 582, 583, 
— cava sup., 580, 583. 
— coronaria, 581. 
- hemiazygos, 583. 
— hepatica, 584. 
— jugularis, 580. 
— omphalomesenterica, 251, 270, 550, 
577. 
— umbilicalis, 270, 552, 578, 
— vertebralis, 602, 572, 
— vitellina, 649. 
Venous system, 577. 
Ventricle of brain, $25, 431. 
— of heart, 554. 
Ventricular septum, 560. 
Ventricalus septi pellucidi, 446. 
— (of heart), 554. 
‘Vermiform process (brain), 430. 
— appendage (caecum), 301. 
Vernix caseosa, 20. 
Vertebral body, 597. 
— column, cartilaginous, 596. 
— column, membranous, 595, 
—. fundament, 596, 
theory of skull, 627, 632. 
=- theory of skull’ (Gegenbaur), 630. 
= Bieoty of skull (Goethe-Oken), 


Vesicula blastodermica, 224—see also 
Blastula, 
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Vesicula germinativa, 7. 
— umbilicalis, 251. 
Vestibulum of the ear, 505. 


400. 
Vini ofthe chorion, 248, 259. 
Villous epithelium. 261, 268. 
— mem! 230. 
Visceral arches, 286, 609. 
— arches, cavities of, 351, 566, 
— arches, vessels of, ‘571.’ 
— clefts, 285. 
— furrows, 285. 


= greores, 286. 

ella of mesoderm, 174. 
— skeleton, 609, 620. 

Vitelline arteries, 270. 

area, 185. 

— circulation, 549. 

— duet, 205, 230, 25 











— veins, 550, 577. 
— wall, 99, 178. 
Vitellus (Vitelline plates), 8, 11-17, 
221, 195—ace alsv Yolk 

Vitellus, 7. 

— formativus, 11. 

— nutritivos, 11. 

Vomer, 617. 





w. 


Wharton's gelatin, 270. 
White yolk, 16. 
Winslow's foramen, 331, 
Witches’ milk, 531. 
Wolffian body, 359. 

— duct, 358, 339. 
Wrist-bones, 641. 


Y. 


Yellow yolk, 16. 
Yolk—sre Vitelline and Vitellus 








Z. 
Zona pellucida. 
Zonula Zinnii, 480. 
Zygoma, 619. 
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